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METHOD FOR PRODUCING A
MAGNETOOPTICAL RECORDING MEDIUM

This application is a division of application Ser. No.
08/237,420, filed May 3, 1994, now allowed; which in turn,
is a continuation application of Ser. No. 07/841,015, filed
Feb. 25, 1992 abandoned; which in turn, is a division of
application Ser. No. 07/475,941, filed Jan. 30, 1990, now

5

U.S. Pat. No. 5,132,945; which in turn, 1s a continuation of

application Ser. No. 07/071,190, filed Jul. 8, 1987, now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a magnetooptical record-
ing medium provided with a recording layer composed of a
magnetic film allowing information recording by irradiation
with a light beam, and a recording method utilizing said
recording medium,

2. Description of the Related Background Art

Optical memory devices utilizing laser beam are being
actively developed in recent years as useful memories of
high density and large capacity. In particular magnetooptical
recording is attracting attention as a rewritable recording
method, and the magnetooptical recording media employed
as a rewritable optical memory device.

FIG. 1 schematically illustrates a conventional apparatus
for such magnetooptical recording, wherein a disk-shaped
magnetooptical recording medium or magnetooptical disk
31, provided with a magnetic layer having an easy axis of
magnetization perpendicular to the surface of said layer, is
rotated by a spindle motor 32. An optical head 34, provided
with a laser unit, an objective lens 33 etc., performs infor-
mation recording by projecting a light beam 33 (tumed on
and off according to the information to be recorded) onto the
disk 31 through the objective lens 33. A bias magnetic field
is applied by an electromagnet 36 to an area of the disk 31
irradiated by the light beam. The optical head 34 is moved
in the radial direction of the disk 31, thereby recording
information in spiral or concentric pattemns.

In conventional apparatus as shown in FIG. 1, the infor-
mation recording and erasure are conducted in steps 30a to
30/ shown in FIG. 2. At first, as shown in 30a, the magnetic

layer 37, constituting the recording layer of the magnetoop~

tical disk, is magnetized in a predetermined direction. Then,
as shown in 305, the magnetic layer 37 1s 1rradiated by the
light beam 35. The irradiated area is heated close to the
Curie point of said magnetic layer 37 by absorption of the
irradiating beam, thus causing a decrease in the coercive
force. In this state the magnet 36 shown in FIG. 1 applies a
bias magnetic field B' of a direction opposite to the afore-
mentioned predetermined direction, whereby the magneti-
zation in the area irradiated by the light beam is inverted.
Thus, after having passed the position of irradiation, as
shown by 30c¢, a record bit 38 having a direction of mag-
netization different from that in the surrounding area 1s

formed. The information is recorded as a train of such record -

bits 38 or an information track.

For erasing the information recorded as in 304, an
unmodulated light beam 38§ is projected while a bias mag-
‘netic field —B' of a direction opposite to that of the magnetic
field at the recording is applied by the magnet 36 as shown
in 30¢, thereby heating the magnetic layer 37 again to a
temperature close to the Curie point. Thus the magnetic
layer 37 restores the magnetization aligned in the predeter-
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mined direction, thus returning to the state prior to the
recording as shown in 30f.

The recorded information can also be reproduced by
irradiating the magnetic layer 37 having record bits 38, with
an unmodulated light beam of a reduced intensity insuffi-
cient for heating to the Curie point, and detecting the
direction of polarization of the reflected or transmitted light
beam by a known method utilizing magnetooptical effect.

However, in case of rewriting already recorded informa-
tion, the conventional apparatus as explained above 1s inca-
pable of so-called overwriting but requires a step of erasing
followed by a step of new recording. Thus, in case of
changing the information recorded in a track on a magne-
tooptical disk, it becomes necessary to erase the information
of said track in a turn of the disk and to record the new
information in a succeeding turn, and such operation inevi-
tably results in a loss of recording speed.

In order to resolve such drawback there has already been

proposed an apparatus equipped with a record/reproducing
head and a separate erasing head, or an apparatus in which
the recording is achieved by modulating the applied mag-
netic field while a continuous laser beam is projected, but
such apparatus are associated with other drawbacks such as
being bulky and expensive or being incapable of high speed
modulation.

On the other hand, in order to improve the recording
sensitivity and the S/N ratio at reproduction in such mag-
netooptical recording medium, technology utilizing two
mutually exchange-coupled magnetic layers is disclosed in
the Japanese Patent laid-open No. 78652/1982, correspond-
ing to the U.S. patent application Ser. No. 315,467 which 1s
continued as Continuation-in-part Ser. No. 644,143, which
is further continued as Continuation Ser. No. 908,934 now

- U.S. Pat. No. 4,799,114, issued Jan. 17, 1989. In addition to

the above-mentioned applications, such magnetic layer of
two-layered structure was described in “Magnetization Pro-
cess of Exchange-coupled Ferrimagnetic Double-Layered
Films”, Kobayashi et al., Japanese Journal of Applied Phys-
ics, Vol. 20. No. 11, November 1981, P. 2089-2095 and
“Thermomagnetic Writing on Exchange-coupled Amor-
phous Rare-Earth Iron Double-layer Films” Tsunashima et
al., IEEE Transactions on Magnetics, Vol. MAG-17, No. 6,
November 1981, P. 2940-2842.

However such exchange-coupled double-layered films are
still incapable of overwriting and thus require an erasing
step.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
mdgnetooptical recording medium and a recording method,
which are free from the above-explained drawbacks and
enable an overwriting operation as in the magnetic recording
media, by merely attaching magnetic field generating means
of a simple structure to the conventional apparatus.

The foregoing object can be achieved, according to the
present invention, by a magnetooptical recording medium
composed of a substrate, a first magnetic layer formed -
thereon, and a second magnetic layer exchange-coupled
with said first magnetic layer and having a higher Curie
point and a lower coercive force compared with those of said
first magnetic layer, and satisfying a condition:

H,;>H;>c,/2Mh

wherein M, is the saturation magnetization of the second
magnetic layer, h is the thickness thereof, G,, 1s the magnetic



are ceeretve ferces the ﬁrst and seeend magrtetle layers
~ The information reeerdmg on said medium is cunducted
by a step of applying a first magnetic field of a rnagnltude
~ enough for magnetizing said second magnetrc layer but -
insufficient for mvertrng the direction of - ‘magnetization of

 said first magnetic. layer, and a step of applying a bias

magnetic field of a direction opposite to that of said first
magnetic field-and simultaneously projecting a light beam of -

a power enough for heating the medium close to the Curie-
point of the first magnetic layer thereby obtaining the
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FIG 15 is 2 chart shewmg the temperatur e Chﬂl‘actﬁl'lSUCE{'f.:f_?."'fﬁ.:ffi‘::;é'_f;; SO
ef the effective bias magnetic ﬁeld of the magnettc layers oo --
_the medrum shown 1n FIG. 13 -

.........

FIGS 16 and 17 are charts shewmg the temperaturei_:"é;@fj‘t-'?ff'ff? o .' |

charactensttc of the magnetic field required for orienting the. - AN
.maguettzattun of the ad]ustmg layer n. the perpendmular; .

3 :drreetun | | i
FIG: 18 i is a ehart showmg the temperature eharaeterlstle';i
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recording of a first kind in which the magnetization of the -

first magnetic layer is aligned in a direction stable to t

second magnetic layer while the direction of magnetization -

of the second magnetic layer is not changed, or applying said

15

- bias magnetic field and simultaneously projecting a light
beam of a power enough for heating the medium close to the

Curie point of the second magnetrc layer thereby ebtammg o
the recording of a second kind in which the direction of
20

magnetization of the second magnetic layer is inverted and

the first magnetic layer is simultaneously magnettzed ina

chreetron stable to the secend magnetic layer

'BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 is a schematic view of a cenveuuenal magnetet)p-

~ tical recording apparatus;

FIG. 2 is a schematic view showing the recording and
erasing processes -utilizing a conventional magnetooptical

recording medium;

ﬁ'2'5'_

30

FIG. 3 is a schematic cross- s-sectional view- of a. magne--' -'

| teopttcal recording -medium embedymg the preseut inven-

- tion;

F.[G 4 is a chart showing the temperature eharactertstrc of
the coercive force of the magnetic layer in the Inedtum_

' ~shown in FIG. 3;

in FIG. 3;

FIG. 6 is a schematic view of an apparatus fer recerdtng -

~and reproduction with the medium of the present invention;

35 -

40

FIGS. 7A to 7D are charts shewrng B—H leeps ef the

inedtum shown in FIG. 3; |
FIG. 8 is a sehematte view ef an embedt

the present invention;

| 1ent ef the S
- magnetooptical recording apparatus uuhzmg the medtum of

- FIG. 9 is a chart showmg the mode ef modulauon of the

. light beam 1rrad1at1ng the medlum in the apparatus shown j in
- FIG. 8;

 FIG. IOA is a schematic view showing states of rnagne-' o
trzatton in the recording prucess utilizing the apparatus e

shown in FIG. 8;
FIG. 10B.1s a schematic view shewmg states of magne-

50

5>

tization in the recording process utilizing another embodi-

ment of the medium;

FIG. 11 1s a chart shewrng the relatten between the |

coercive force of the first magnetic layer and the magnene

field mduemg noise increase;

FIGS. 12 and 13 are sehematte Cross- seetrenal VIEWS ef o
embodiments of the magnetooptical recording medium pro-
vided with an adjusting layer for the magnetic wall energy;

65

FIG. 14 is a chart showing the relation between the

thickness of the adjusting layer and the exchange force of the

magnetle layers in the medmm shuwu in FIG 13

 of the coercive ferce of the magnetic layers in the medlum_}:'---f |
- shown in FIG. 3; - -

- FIG.191is a chart showmg the temperature eharactertstrc--=_-----
of the coercive force and exchange force of the rnagnetle;__**
'layers in the medium shown in FIG. 3;

- FIGS. 20 and 21 are schematic views showing states of __
rnagnettzatton in the- recordtng process utthzrng the COI'I'l-;':;:"ﬁ. |

: pensatten temperature

FIGS. 22 and 23 are charts showmg the ‘temperature . |
charactenstre of the coercive force, when the magnetic layer .

‘has the compensation temperature between the room tems- -
- perature and the Curie temperature; |

FIGS. 24, 25 and 26 are schematic cross-sectional views
of embodiments of the magnetooptical recording mediumof .« -

the present invention provided with a protective layer;

- FIGS. 27 and 28 are schematic cross-sectional views of -

_.embedrments of the magnetooptlcal recording medium of - -
- the present invention utilizing triple-layered magnetic film; -~

FIGS. 29, 31 to 33 are charts showing states of magne-

embodiments of the magnetooptical recording medlum of

the present mventtun utthzmg quadraple- layered magnetre.._ |

FIG. 5 is a schematic view shewmg the state of magne-- ~ film;

fization 1n a reeerdtng process ut111z1ng the medmrn shown

FIG 3’7 is a schematic view shewmg states of magneti-.

zation in the recerdmg process utthzmg the medlum shuwn. ..
'.:'111 FIG. 35; a

'FIG. 38 is a chart shewmg the temperature eharacterrstle;; -
of the coercive force of the magnetic layers in the medium .

45 shown in FIG. 35; -

 tization in the recording process utrhzmg the medium shewu_ IR
| mFIG 27 -

~ FIGS. 30 and 34 are charts showing the temperature.
- characteristic of the coercive force of the magnetre layers mn
| the medium shown in FIG. 27; |

-FIGS. 35 and 36 are schematic cross- seetronal v1ews of' :

FIGS. 39, 41 42 and 43 are charts showrng states of

: 'magneuZauon in the reeerdmg and erasing processes utiliz- i S
-ing the medium shown in FIG. 3;

"FIG. 40 is a chart showing the relatteu betweeu the .
erasmg laser power and the residual signal after erasure in .

-the medium shown in FIG. 3;

"FIG. 44 is a chart showing the relation between the_ .

recording laser power and the reproduced C/N ratm in the

- medium shown in FIG. 3; and REEE

" FIGS. 45 and 46 are schematic views showing variations
of the magnetooptical recording . apparatus utilizing the =

| _medrum ef the present invention.- S

DESCRIPTION OF THE PREFERRED
o EMBODIMENTS |

o New the present 1nventten will be clarified in detaﬂ hy: -
. embedtruents thereof shown in the attached drawings.

| FIG 3 is a schematic cross-sectional view of an embodi-
‘ment of the maguetouptleal recording medium of the present -

invention. Said medium is composed of a translucent Sllb-':'.__f';_.._ o

strate 1 provided with guide grooves in advauce.(called_s -
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“pregrooved”), and a a first magnetic layer 2 and a second
magnetic layer 3 laminated thereon. The first magnetic layer
2 has a lower Curie point (T,) and a higher coercive force
(H;p), while the second magnetic layer 3 has a higher Curie
point (T;) and a lower coercive force (H,). The terms
“higher” and “lower” are defined through relative compari-
son of the two magnetic layers, the comparison of the
coercive force being at the room temperature. This com-
parison is more detailedly illustrated in FIG. 4. It 1s generally
desirable that the first magnetic layer 2 has T, 1n a range of
70°-180° C. and H, in a range of 3-10 KOe, and the second
magnetic layer 3 has T, in a range of 150°-400° C. and H,

in a range of 0.5-2 KOe.

The thickness, coercive force, saturated magnetization
and magnetic wall energy of said magnetic layers 2, 3 are so

selected that the two states of the finally recorded bit can

exist in stable manner. The magnetic layers 2, 3 may be
exchange-coupled or magnetostatically coupled, although
exchange-coupling is preferable in consideration of the
magnitude of the effective bias magnetic field at the record-
ing and the stability of the recorded binary bit.

In the magnetooptical recording medium of the present
invention, the first magnetic layer 2 is principally related to
the reproduction. The magnetooptical effect exhibited by
said first magnetic layer 2 is principally utilized in the

10
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reproduction, while the second magnetic layer 3 plays an

important role in the recording.

On the other hand, in the conventional exchange-coupled
double-layered magnetic film mentioned above, the mag-
netic layer with a lower Curie point and a higher coercive
force is principally related to the recording, and the magnetic
layer with a higher Curie point and a lower coercive force is
principally related to the reproduction. In such conventional
exchange-coupled double-layered film, there stands a rela-
tionship:

(1)

Cw
2Msh

among the saturation magnetization M, of the latter mag-
netic layer, film thickness h and magnetic wall energy o,
between two layers.

On the other hand, in the exchange-coupled doubie-
layered film of the recording medium of the present inven-
tion, there 1s required a relation:

Hy> > H;

(2)

Ow
2Mh

among the saturation magnetization M, of the second mag-
netic layer, film thickness h and magnetic wall energy o,
between two layers. |

This condition (detailed later) is required for stabilizing
the state of magnetization of the bit finally formed by
recording, as shown by 4f in FIG. 5. Consequently the
effective bias magnetic field, thickness, coercive force, satu-
ration magnetization, magnetic wall energy etc. of the mag-
netic layers 2, 3 can be so determined as to satisfy the
above-mentioned relation.

Each magnetic layer can be composed of a substance
exhibiting a vertical magnetic anisotropy and a magnetoop-
tical effect, preferably an amorphous magnetic alloy of a
rare-earth element and a transition metal element such as
GdCo, GdFe, TbFe, DyFe, GdTbFe, TbDyke, GdFeCo,
TbFeCo, GdTbCo or GdTblFeCo. :_

The following explanation of a recording process utilizing
the above-explained magnetooptical recording medium,
makes reference to FIG. 5, and shows the states of magne-
tization of the magnetic layers 2, 3 in the steps of the

Hy>Hp >
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6

recording process, while FIG. 6 schematically shows a
recording apparatus. Prior to recording, the stable directions
of magnetization of the magnetic layers 2, 3 may be mutu-
ally same or opposite. FIG. § shows a case in which said
stable directions of magnetization are mutually same.

In FIG. 6, it is assumed that a part of a magnetooptical
disk 9 of the above-explained structure has an initial mag-
netization as shown by 4a in FIG. S. The magnetooptical
disk 9, being rotated by a spindle motor, passes the position
of a magnetic field generating unit 8, generating a magnetic
field of which intensity is selected at a suitable value
between the coercive forces of the magnetic layers 2, 3
(magnetic field being directed upwards in the present
embodiment), whereby, as shown by 4b in FIG. §, the
second magnetic layer 3 is uniformly magnetized while the
first magnetic layer 2 retains the initial magnetization state.

The rotated magnetooptical disk 9, in passing the position
of a record/reproducing head §, is irradiated by a laser beam
having two power levels according to the signal from a
recording signal generator 6. The first laser power level 1s
enough for heating the disk to a temperature close to the
Curie point of the first magnetic layer 2, while the second
laser power level is enough for heating the disk to a
temperature close to the Curie point of the second magnetic
layer 3. More specifically, referring to FIG. 4 showing the
relation between the temperature and the coercive forces of
the magnetic layers 2, 3, the first laser power can heat the
disk close to T, while the second laser power can heat 1t
close to T,,.

The first 1aser power heats the first magnetic layer 2 close
to the Curie point thereof, but the second magnetic layer 3
has a coercive force capable of stably maintaining the bit at
this temperature. Thus, through a suitable selection of the
recording bias magnetic field, a record bit shown in 4¢ can
be obtained, as a first preliminary recording, from either
state in 4b in FIG. 5. '

‘The suitable selection of the bias magnetic field means
that in the first preliminary recording, such bias magnetic
field is essentially unnecessary, since the first magnetic layer
receives a force (exchange force) to arrange the magnetiza-
tion in a direction stable to the direction of magnetization of
the second magnetic layer 3, said directions being same in
this case. However said bias magnetic field is provided, in a
second preliminary recording to be explained later, in a
direction to assist the magnetic inversion of the second
magnetic layer 3, namely in a direction prohibiting the first
preliminary recording, and it is convenient to maintain sard
bias magnetic field in a same intensity and a same direction,
both in the first and second preliminary recordings.

In consideration of the foregoing, the bias magnetic field
is preferably selected at a minimum necessary intensity
required for the second preliminary recording to be
explained in the following, and such selection corresponds
to the suitable selection mentioned above.

In the following there will be explained the second
preliminary recording. This is achieved by heating the disk
with the second laser power close to the Curie point of the
second magnetic layer 3, whereby the direction of magne-
tization of the second magnetic layer 3 is inverted by the bias
magnetic field selected as explained above, and the direction
of magnetization of the first magnetic layer 2 is also
arranged in a stable direction (same direction in the present
case) with respect to the second magnetic layer 3. In this
manner a bit as shown by 4d in FIG. § can be formed from
either state shown in 45.

Thus each area of the magnetooptical disk can have a
preliminary record of the state 4¢ or 44 1n FIG. 3, respec-




| magneuc ﬁeld (HL>GWJZM h) | -
~ Stated differently, in order that the bit can: stably exist, 7_3_-0: e T
following relations are required among the coercive forces SR

HH.,. H of the ﬁrst and Secend magnetlc layers and the'_;_-:

" ' .
- - - Lo - -
P
[T .
- i
Lt

' 'twely by the ﬁrst or semnd laser power correspondmg to the
“input ‘signal.. -

Then the magnetooptlcal dlSk 9 is further rotated and -

~ passes the position of the magnetic field generatmg unit 8,

. generating a magnetlc field of which intensity is selected
between the coercive forces of the magnetic layers 2, 3 as-
- explained before, whereby ‘the record bit 4c remains
unchanged and assumes a final record state 4e, while the
record. bit 4d assumes another final record state 4f as the =
~result of magnetic-inversion of the second magnetic layer 3.
- In order that the record -4f can stably exist, there is
~ required the aforementioned relationship (1): - "

-'__ZM,s'h- '.{ f < HH

o amang the saturation. magnetlzatmn M, of the secnnd mag-_- ?-
- netic layer 3, film thickness h and magnetic wall energy ©,,
- between the magnetic layers 2, 3. ¢,/2M.h indicates the L
- magmtude of the exchange force received by the second .
~ magnetic layer, or represents the magnitude of a magnetic
- field acting to rearrange the magnetization of the second -
- magnetic layer 3 in a stable direction (same direction in the =
‘present case) with respect to the direction of magnetization =
second magnetic layer 3 can retain its magnetization -_2:5'
unchanged against said magnetic' ﬁeld sa.id 1ayer should-'

of the first magnetic layer 2. Therefore, in order that the

Hﬂ_awmww B - I :
S "~ be smaller than H,, H‘,EJL,%r when. the first and second mag-- |

These relatmns will be explmned in more detaﬂ in relatmn ~ metic layers are in a stable state.

 to FIGS. 7A 10 7D. FIG. 7A is a chart showing the B—H loop, -
or the relation between the external magnetic field, in -
abscissa, applied to the first magnetic layer formed as a .
single layer, and the magnitude of the magnetization in said.

field is intenstfied in a direction -of (+), the magnetlzatlon 18

an intensity —H,. FIG. 7B shows a similar B-H loop for the

second magnetic layer formed as a single layer. -
~ FIG. 7C shows a B-H loop of the first magnetic layer
when. the first and second magnetic layers are superposed
with: exchange-CGUphng and when said second magnetic. -
~layer is magnetized upward. In contrast to the case of single
- layer shown in FIG. 7A, an effective bias magnetic field
‘Hp, ;15 applied, facilitating to align the magnetization of the
first magnetic layer with that of the second magnetic layer. -
 In order that the record bit 4f shown in FIG. 5 can stably -
~ exist, the state of a point A, where the direction of magne-
 tization.of the first magnetic layer is opposite to that of the
. second magnetic layer under a zero external field should be
stable and should not transform to the state of a point B. -
‘wherein said directions of magnetlzanon of the magnetic
~ layers are mutually same. For thlS reason there is requlred a
condition H ~H,,,
- FIG 7D shows a sumlar B-Hle loop of the second magnetlc- -

0. -
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posed w1th €XChange coupling and when said first mﬂgnetlc g

;.-I_layer is- magnetized upwards.-

In contrast to the case of smgle layer shown in FIG. 7B,

1agnetization of the second magnetic layer with

same: For this - ‘reason - there - is requlred a condltmnﬁ_;ﬁ: --
Elthe:r in the ﬁrst or second magneuc layer, an 1nversmnﬁ=_._.;u S
of magneuzauon from: a stable state to an unstable state. =
- requires a magnetic field equal to the coercive force of the .. ..
- magnetic layer plus the exchange force, since such inversion -
~has to- bc made agamst the exchan ge farco acting- on said > .. -
VIayer ' : - B
“On the other hand an inversion from an unstable state to S
~ a stable state requires a magnetic field equal to the coercive S

0,

~force of the magnetic:layer minus the exchange force, since
- the exchange force facilitates the inversion in this case.. S
- Therefore, in order that the magnetization of the first =~ .. .
- magnenc layer is not inverted in the magnetic field gener-- . .

ating unit 8 and the magnetization of the second magnetic

- an effective bias magnetic field H; ., is applied, facﬂltatmg ---------- "
~ to align the
~that of the first magnetic layer. In order that the record bit 4f

‘in FIG."5 can stably exist, the state of a point A, where the .
 direction of magnetization, of the first magnetic. field 1s- ..
opposite to that of the second magnetic. field under a zero -

- - external field should be stable and should not transform to - -
| the state of a pomt B wherein sald directions are mutua]ly};f

..........

layer is aligned to the direction of the magnetic field of said

B Hf;-H;,;Eﬂé::»HﬁH:;ﬁ o

H;+H;, ﬁwhen the first and second: magnetic layers are-in a

~unit in any combination of the magnetized states, the exter- .~
i nal field' B sheuld be ad]usted to:an internal level i there =~ 0
o jstands a relatmn | | T

= ”’_This 1s bscause the magnetlc field requn'ed for mvertmg thei: e

_ | magnetlzatlon of the second magnetic layer is larger thana; |
H—-HE::DH ~Hpp>0 . S 3y TR
oo Lo s e ~_stable state, and because the: magnetic field not mducmg the:f- o

inversion of magnetization of the first magnetic layer shauldr AR

- An overwriting operation is therefore rendered possﬂ)le

| w1th a sngnal reproducmg unit 7 i
“FIG. 8 is a schematic view ._sh.ow-ing a more detailed .
- embodiment of the recording apparatus shown in FIG..6. In .~~~

- FIG. 8 there are shown a magnetooptical disk or recording- -+~ -
.j _medlum 11 of a structure as shown in FIG. 3; aspindlemotor =~~~
12 for rotating said disk 11; a clamper 13 for fixing the disk - =~~~
‘11 on the rotating shaft of the motor 12; and an. optical head .~ 1 .-

~_since the record bits de, 4f do not rely on the state. prior to
recording but only on the level -of laser power at.the = .

- Sl , | o recordmg The record b1ts 4e 4f can be reproduced by e
- layerin ordinate. The chart indicates that, when the magnetlc_ o e
45
- aligned in a direction (+) or a direction (T) at an intensity
 Hy, and, when the magnetic field is intensified in a direction

- (-), the magnetization is aligned in a direction (-) or.({) at

.....

.14 for pmjectmg a 11ght beam 15 onto the d1sk 11. SaId---=_- e

55
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- -camposed for example tJf a semlconductor Iaser a colhmat—--f SRR s
“ing lens 17; a beam splitter 18; an objective lens 19; 4 sensor .

lens 20; an analyzer 26 .and a photodetector 21, and is =
radially moved by an unrepresented mechanism. Also the .
objective lens 19 moves in the axial direction and a direction -~
____.perpendwularthereto to achieve so-called auto tracking (AT) ..

and auto focusing: (AF), according to control signals - i
detected by the photodetector in an already known manner. -~

~ 22 and emits a light beam 15 modulated in intensity between =

65

~ two non-zero values, according to the recording information . ...

- The laser light source 16is driven by a laser driver circuit -~ -

entered from an input terminal 23, as will be explained later.- - o

In a position opposed to the optical head 14 across the - -

:Hdl sk 11 there 18 prowded first magnetlc field generatmg.._,
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means 24 to apply a bias magnetic field of a predetermined
direction to an area of the disk 11 irradiated by the light
beam 15. Also at a position distance by 180° in the rotating
direction of the disk 11, there 1s provided second magnetic
ficld generating means 25 for applying a bias magnetic field
of a direction opposite to said predetermined direction. Said
first and second magnetic field generating means may be

composed of electromagnets, but the use of permanent

magnets is preferable for simplifying the apparatus and
reducing the cost thereof, since the direction of magnetic
fields need not be switched in the present invention.

In the following explained 1is the process of information
recording with the apparatus shown in FIG. 8. The lght

10

beam 15 from the laser unit 16 is modulated, as . shown in

FIG. 9, between two non-zero levels P1 and P2, correspond-
ing to binary recording signals 0" and "*1”. The light beam
of the level P1 has an energy for heating the magnetic layers
2, 3 of the medium shown in FIG. 3 to the Curie temperature
T, of the first magnetic layer, while that of the level P2 has
an energy for heating said magnetic layers to the Curie
temperature T, of the second magnetic layer. By the irra-
diation with such modulated beam, the magnetic layers of
the disk 11 undergo changes in magnetization as shown in
10a-10# in FIG. 10A, thereby recording information.

In FIG. 10A, arrows in the first and second magnetic
layers 2, 3 indicate the directions of magnetization, and the
length of arrow indicates the magnitude of coercive force.
An upward magnetized area, shown in 10a, 1s subjected to
an upward bias magnetic field of —B2 by the second mag-
netic field generating means 28 as shown in 105, and 1s then
moved to the position of the optical head 14 by the rotation
of the disk for irradiation with the modulated light beam 15.
In response to the light beam of the power P1, the first
magnetic layer 2 alone reduces its coercive force as shown
in 10c but retains the upward magnetization as shown in 10d
due to the magnetic interaction of the second magnetic layer
3, despite of the application of a bias magnetic ficld B1 by
the first magnetic field generating means 24. On the other
hand, in response to the light beam of the power P2, the
magnetization is inverted downwards as shown in 104 by the
application of the bias field B1.

On the other hand, in a downward magnetized area as
shown in 10e, the second magnetic layer 3 alone inverts the
magnetization by the application of a bias magnetic field
—B2. Then, in response to the light beam of the level P1, the
first magnetic layer 2 reduces the coercive force of the first
‘magnetic layer 2 as shown in 10c¢, and inverts the magne-
tization upwards as shown in 104 by the magnetic interac-
tion of the second magnetic layer 3. Also in response to the
light beam of the power P2, both magnetic layer reduce the
coercive force as shown in 10g, and retain the downward
magnetization as shown in 104 by the application of the bias
magnetic field B1. |

As explained in the foregoing, the apparatus shown in
FIG. 8 can determine the direction of magnetization solely
according to the change in the power of the light beam,
regardless of the initial magnetization of the magnetic film.
Consequently the already recorded information need not be
erased but can be rewritten by direct overwriting. The
recorded information can be reproduced in conventional
manner, by detecting the direction of magnetization of the
first magnetic layer utilizing the magnetooptical effect. As an
example, in the apparatus shown in FIG. 8, the recorded
information can be reproduced as electrical signals, by
causing the laser unit 16 to continuously emit a light beam
of a power insufficient for heating the disk to the Curie point
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of the second magnetic layer and receiving the reflected light |

10

from the disk 11 by the photodetector 21 through the
analyzer 26. |

In the apparatus shown in FIG. 8, the magnetic fields B1,
B2 applied to the magnetic layers respectively by the first
and second magnetic field generating means are so selected
as to satisfy the following relations:

H,<B2<H,, (5)

Bi<H,'H, - (6)

H;'<H,-p; (7)

H,,", H,"<B1 (8)

wherein H,,' and H;' are coercive forces of the first and
second magnetic layers at a temperature T,, H,," and H, " are
coercive forces at a temperature T,,, and H, is the magnitude
of the magnetic interaction between two layers.

In the foregoing description it 1s assumed the first and
second magnetic layers 2, 3 are stable when the magneti-
zations thereof are in a same direction, but a similar process

- 18 applicable also when said magnetizations are stable when

they are mutually oppositely directed. FIG, 10B illustrates
states of magnetization in the recording process of such case,
wherein 40a to 40f respectively correspond to 4a to 4f in

FIG. 5.

EXAMPLE 1

A polycarbonate substrate with pregrooves and preformat
signals was set in a sputtering apparatus with three targets,
and was rotated at a distance of 10 cm from the target.

A ZnS protective layer of 1000 A in thickness was
obtained by sputtering from a first target in argon gas, with
a sputtering speed of 100 fi/min., and a sputtering pressure
of 5x10™ Torr. Then a TbFe alloy was sputtered from a
second target, in argon gas, with a sputtering speed of 100
A/min. and a sputtering pressure of 510~ Torr to obtain a
first magnetic layer of Tb,.Feq, with a thickness of 500 A,
T, of about 140° C. and H,, of about 10 KQe.

Then a TblFeCo alloy was sputtered in argon gas at a
sputtering pressure of 510 Torr to obtain a second
magnetic layer of Tb,.Fe.,Co, with a thickness of 500 A,
T, of ca. 250° C. and H, of ca. 1 KOe.

Subsequently a ZnS protective layer of 3000 A in thick-
ness was obtained by sputtering from the first target in argon
gas, with a sputtering speed of 100 A/min. and a sputtering
pressure of 5x10™ Torr.

After forming these layers, the above-mentioned substrate
was adhered to a polycarbonate substrate with hot-melt
adhesive material to obtain a magnetooptical disk. Said disk
was mounted on a record/reproducing apparatus and was
made to pass through, with a linear speed of 8 m/sec., the
second magnetic field generating means for applying a field
of 1500 Oe to the disk. The recording was conducted with
a laser beam of a wavelength of 830 nm, concentrated to ca.
1 um and modulated in two levels of 4 and 8 mW, with a
duty ratio of 50% and a frequency of 2 MHz. The bias
magnetic field was 100 Oe. Binary signals could be repro-
duced by irradiation with a laser beam of 1.5 mW.

The above-explained experiment was conducted on a
magnetooptical disk already recorded over the entire sur-
face. The previously recorded signal components were not
detected in the reproduction, and the possibility of overwrit-
ing was thus confirmed.
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| 'at HL

H =1 KOe ande:osKOe

~Also the Hp,, was measured as ca. 1 KOe in an expen- |
- ment in which a first. magneuc TbFe la.yer of same compo- __
sition and thickness was superposed with a second magnetic. . -

25
- TbFeCo layer Wlth a madlﬁed cumpesrtten to increase

Hy HLEJ

It was cunﬁrmed fer the abuve-mentmned coercive. .
- forces and exchange force, that the first and second magneue--
layers sattsﬁed the COHdlthIl : .

EXAMPLE 2

Huwever based on the eundltmn H, - HEfHL—HLBﬂ,

15

o sssaT8

B as in the Example 1, exeept that the seeend magnetle layerf
" - was cnmpesed of Tb,.Fe-,Co, with T,=200° C.,H,=ca. 1
- KOe and HLeﬂ—ca 300 Oe, and was subjected to recording

- and reproduction in the same manner as in the Example 1-

- except the use of a magnetlc field generating field of ca. 2. 5_ o

o KOe to obtain similar results as those. i in the Exa.mple .

-reproduced by rrradlattun with-a laser beam ef 1.5 mW .
The abevea-explamed expenment was cendueted on . a =

deteeted n the repreduetmn and the pussmtllty ef uverwnt-' L

1379 7 K_Oc. 50 that_ HL e | COUld 1’1011 be measured S In case the apparatus shown in FIG. 6 emp]eys aperma-

......

- _' nent magnet as’ the magnettc field generatmg umt 8, the B

- the fellewmg examples to select the coercive force H, of

' by' which 'the 'seeend m'agnetlic hlay'er' alone is magnetize'd in
~ the direction of the magnet1c field from the magnettc field -
generattng umt 24 | - |

EXAMPLE3

A pel}’carbenate dtsk-shaped substrate with- Pregrawes-'?-: Sa
‘and preformat signals was set in a sputtermg apparatus with

Subsequently a Si;N, preteetwe layer of 1200 A m

sputtering pressure of 3x10~ Torr. -
After forming these layers the abeve-menttuned substrate

A preteettve SiC layer of 700 A in thtekness was ebta.lned- -
.by" | sputtenng from a first target in argon 8as,. mth a o
sputtermg speed of 100 A/min. and a sputtenng pressure of -
 3x10™ Torr. Then a GdTbFe alloy was sputtered from a
. Second target, in argon gas, with a sputtenng speed of 50
~ A/min. and a sputtering pressure of 3x10™ Torr to obtam a -y
 first magnettc layer of TbgGd;,Fegq with a thlekness of200 -
A, T,=ca. 160° C. and H,=ca. 8 KOe. - N

- Thena TbFeCo Cu alloy was sputtered in argen gas at a -

sputtenng pressure of 3x10~3 Torr to obtain a second
- magnetic layer of Tby;Fes,Co,5Cu;, witha thlekness of 400 .
| A T,~ca. 180°-C. and H,=ca. 1 KOe. '

50 ﬁthrough with a linear speed ofdn

material to obtain a magnetooptical disk. Said disk was

~ ‘the first magnetic layer and the magnetic field B apphed by:

o '-_-the magnetlc ﬁeld generatmg umt in such a ‘manner as tu,_f,
35

be explained. i In the felluwmg

EXAMPLE 4

Subsequently the temperature inside the apparatus was set_- -
. o at 30°, 45'3 and 60“ C. and the 1ntensuy of magnetic ﬁeld;fj_ B
g 65 .eausmg the increase. of noise component in the reproduced - -
' was adhered to.a polycarbonate plate with hot-melt adhesive .

,bly a eundttren HH>‘ 5 KOe A further preferred eondttmn:: =
a ;1s HH:>5 KOe as will o

' mounted on a recerdfrepruducmg apparatus and was made 0. |
o _ﬁpass threugh a w1th a hnear speed ef 8 m/sec ‘the second- -

1 um and modulated in two levels of 4 and 8 mW, witha . =
- duty ratio of 50% and a frequency of 2 MHz. The bias field .

; frequeney of 2 MHz. The bias magnetic field at the recording. -~ .. -
'-'head was 100 Qe. Then investigated was the change of the -+
noise eempenent 1n the reproduced signal, after 10*° repre-;;'i.;...._;.ﬁ.;_;.-._. -
‘ductions from a same track by irradiation with a laser beam - -

- of 1.0 mW and with varied magnetle field B generated by thef*'f o

thickness was. obtained by sputtering from the first target in .-___magneuc field generating unit 8.

argon gas, with a sputtermg speed. of 70 A/mm and a

,Oe te the drsk The recurdmg was - then cendueted Wlth a o
| "'laser beam of a wavelength of 830-nm, concentrated to ca. .. |

":'_"'at the 1rrad1ated area was 100 Oe. Bmﬂf}’ stgnals eeuld be';f_--':-'f - ._

g
The magnltude of H, Hef in th1s case- wﬂI be explamed m_.... -

the follewmg in relation to FIGS. TC and "7D.

o Smce H, aHeer \ was larger than H,—H; e, when the first.
| ‘and second magnetic layers were magnetlzed in a same
directien and subjected then to an inverting magnetie ﬁeld

is censtantly expesed in the recordmg and reproduemgi o O
| _eperattens to a magnetic. field generated by said magnetic
. field generating unit. Even in the reproduction, the medium
~ is subjected to a laser beam irradiation of an energy of ca: 5 -~~~
“to Vio of the energy at the reeurdmg,h and may thereforereach .
- a temperature of about 70° C. at maximum in passing the
~ magnetic field generating unit. Thus the magnetizationof the ~

- first magnetic layer 2 may ‘become inverted in repeated..-----:fg.__:--ffjg_'ff' o
repreduetmns for example of 10*° times. In order to avoid
B such inversion of magneuzatmn, it is preferable as. shewn m ST

~Samples of magnetooptical disks 4-1 to 4-12 were pre- -
| - i___pa:red in the same process.as in the Example 1 with the. same, ...
- three targets and was rotated at a dtstance of 10cm fromthe - -

-film thlekness and the-same structure except that the com---- -
‘target.

45 " T
~ position, coercive: force. ‘H,, and Curie point T of the first -

'_magnenc layer 2 were changed. S
Eaeh disk of: tbe Examples 1and 4-1.to 4-12 was muuntedt,t._a- . i
on a recerd/repreduemg apparatus and was made to pass RS

/sec., the second magnette_. o '_._'___f'.':f ]
ﬁeld generatmg means fur applylng a field of 2 KOe. The -;

i of 830 nm, eoncentrated to ca. . 1.um and modulated in two y

- 55 _- "_levels of 4 and ‘8 mW, with a duty ratio of 50% and a - :;'

signal was determined for each temperature; as summarlzedfjf -

- in Tab.’ 1
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TABLE 1
B value (KQe) B value (KQOe) B value (KOQOe)
Hyy Ty causing noise causing noise causing noise
Example st mag. layer (KOe) (°C.) increase at 30° C.  increase at 45° C.  increase at 60° C.

1 ThgFegs 10 140 8 6 3.2
4-1 Tb,-Fegs 8 140 6 4.7 2.6
4-2  TbcFeg, 6 140 4 3.1 1.5
4.3 Th,sFegs 4 140 2.2 1.5 0.5
4-4  Tby, sFegs s 3 140 1.5 1.0 0.3
4-5 Th,Fege 2 140 1.2 0.5 0.1
4-6 Th,oGd-Feys 7 150 4.8 3.7 2.2
4-7 Th,GdgFeg, 5 150 3.3 2.3 1.0
4-8 Th,,GdsFegs 3.5 150 2.8 1.2 0.4
4-9 Th,Gd;FegCos 1.5 165 54 - 4.3 2.3
4-10  Th,oGd;FegCo, 3.5 170 35 2.7 1.3
4-11 Tb,<Feg,Co, 4.5 160 2.5 1.8 0.6
4-12  Tby, sFeg,Cos 4 3.5 160 1.8 1.2 0.4

Tab. 1 indicates that the magnetic field B inducing the
increase of noise component in the reproduced signai
becomes smaller as the coercive force H, of the first
magnetic layer becomes smaller, or as the temperature inside
the apparatus becomes higher, and that this relationship 1s
not affected by the composition of the first magnetic layer.

FIG. 11 illustrates the relation of H,, value and the B value
inducing the noise increase for these samples, based on the
above-explained results.

From these relationships it is apparent that, in order to

prevent the noise increase up to 60° C., H;, and B should at

least satisfy a relation:

0.2xH~0.3>B.

It is also apparent that the increase in noise takes placed
even at a small value of B unless H, is at least equal to 1.5
KOe.

Since the temperature inside the apparatus does not
exceed 60° C. in practice, the increase in noise can be
prevented even after prolonged reproduction if the above-
mentioned conditions are satisfied.

However, in addition to the foregoing condnwns it 18
preferable to maintain Hy, at least equal to 5 KOe for the
following two reasons:

(i) The minimum necessary value of B is equal to the sum
of the coercive force H, of the second magnetic layer
and the magnetic field acting on the second magnetic
layer as the result of the exchange force, and i1s con-
sidered in the order of 1 to 2 KOe in practice. Thus, it
will be apparent from FIG. 11 that the value of H
should be equal to or higher than 5 KOe 1n order to
maintain the noises at a low level in continuous repro-
duction at a temperature up to 60° C. and with the
magnetic field B at 1-2 KOe.

(11) FIG. 11 indicates the magnitude of the magnetic field
B and the value of H,, required for suppressing the
noise at the selected value of B at each temperature
inside the apparatus. For example, at a temperature 60°

C. and in a range H,<5 KOe, there 1s obtained a
relation H,~=5 (B+0.3). Thus, for an increase AB of the

magnetic ﬁeld B generated by the magnetic field gen-

erating unit, there is required a corresponding increase

5XAB in the value of H,.
However, in a range of H,, exceeding 5 KOe, the increase

required for H,, corresponding. to a certain increase in the
magnetic field B at a temperature of 30°-60° C. 1s smaller
than that required in a range of H,, below 5 KOe.
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As explained in the foregoing, the magnetooptical record-
ing medium of the present invention is required to satisly the
aforementioned relation (1): |

Ow
2Mh

Hy > Hy >

For this purpose it is also very effective to adjust the
magnetic wall energy between the magnetic layers. The
adjustment of the magnetic wall energy can be achieved by
following methods:

(I) adjustments of the composition of the magnetic layers;

(II) addition of a predetermined step in the preparation of
the medium; and

(I1I) formation of an adjusting layer for the magnetic wall
energy, between the magnetic layers;
which will be explained further in the following.
I. Adjustment of the Composition of the Magnetic Layers
- In a magnetooptical recording medium of the structure as
shown in FIG. 3, the magnetic wall energy can be repro-
ducibly reduced by forming one of the first and second
magnetic layer 2, 3 with a composition richer in transition
metals compared with the compensation composition, and
forming the other layer with a composition richer in rare-
carth elements. Such example 1s shown in the following.

EXAMPLE 5

A disk-shaped polycarbonate substrate with pregrooves
and preformat signals was set in a sputtering apparatus with
three targets, and was rotated at a distance of 10 cm from the
target.

A protective Si,N, layer of 600 A in thickness was
obtained by sputtering from a first target in argon gas, with
a sputtenng speed of 40 A/min. and a sputtering pressure of
5%107° Torr. Then a TbFe alloy was sputtered from a second
target, in argon gas, with a sputtenng speed of 100 A/min.
and a sputtering pressure of 510~ Torr to obtain a first
magnetic layer of Th;Gd, Feg,, richer in Fe with respect to

the compensation composition, with a thickness of 400 A,

T,=ca. 155° C. and H,~=ca. 8 KOe.

Then a TbFeCo alloy was spuftered in argon at a sput-
tering pressure of 5x10™ Torr to obtain a second magnetic
layer of Tb,,Dy,3Fes,C0,, richer in Tb and Dy with respect
to the compensation composition, with a thickness of 300 A,

T,=ca. 200° C. and H,=ca. 1 KOe.

Subsequently a Si;N, protective layer of 1500 A in
thickness was obtained by sputtering from the first target in



- was adhered to a polycarbonate plate with hot-melt adhesive
‘material to obtainr a magnetooptical disk. -Said disk was-

‘mounted on a record/reproducing apparatus and was made to

pass through, with a linear speed of 8 m/sec., a magnetic

'_ .ﬁcld gcncrahng umt for &pplymg a ﬁcld of 2, 5 KOc Thcf - '.mcdmm as shown in FIG. 3, a medium satisfying the.:

; 0 afore-mentioned relation (1) can be easily obtained by : -
~adding one-of following steps after the formation of the firgt-= -
- magnetic layer and bcforc thc forrnatlon of the sccondﬁ_g"__' |

f_rnagncﬂc laycr

___of 830 nm; concentrated to ca. 1 pm and mcdulatcd in two ]

~ levels of 4 and 8 mW, with a duty ratio of 50% and .a
| frequency of 2 MHz. The bias magnetic field at the irradiated

area was 100 Oe, in a direction to invert the magnetization

| _cf thc scccnd magncuc layer Bmary Slgnals could be | -
. {5

samples of the magnetooptical disk, in which the first and -

- achlcvcd

argon gas Wlth a Sputtcnng sPccd cf 40 A/mm and a L
- sputtering pressure of 5x10~ Torr. L -

After forming these layers, the above- mentioned substrate

o Thc abovc-c-ncplamcd c-xpcrl-mcnt was conductcd __also__on a
magnetooptical disk already recorded over the entire sur-

face.. The previously recorded signal components were not

detected inthe rcproductlon and. thc pcsmblhty of cvcrwnt- 'é(j B j__ | S
| B o (C) a step of exposure to a plasma atmosphcrc of mcrt gas L

ing was thus ccnﬁnncd

EXAMPLE 6

Inthe Examplc 5, the first magnctlc layer was richer in Fc e
~ while the second magnetic layer was richer in Tb and Dy in
comparison with the compensation composition. -

In the present example, there were prcparcd and cvaluatcd- =

second magnetic layers had same coercive forces as .
explained above, are composed of a combination of a

compeosition richer-in fransition metals such as Fe dand a -
- composition richer in rare- earth elements such as Tb or Dy, - -

30

A coercive force of 8 KOe for the first magnetic laycr is

r1ch compcsﬂwn by TmeychGOch'

40

in a transmcn mctal nch composmon by 3
5 .

| Tb3;3Gdl_7.._7Ec77. Alscs a _cocrcwc ..forcc__ of 1 KOc...for..thc -
o sccond‘ magnctic layer is achieved, m a tranSition r'nctalaric'h

Samples listed in Tab. 2 were prepared by vsclcctmg a

transition metal-rich composition or a rare earth-rnch com--
- position mentioned above for the first and second magnetic -

layer, and sclccnng other materials and layer- th1ckncsscs -

same as those in the Example S. These samples were then

subjected to the record/reproducing cxpcrimcnt--- as in- the

- Example 5. The results are shown in Tab. 2.
- “TM” and “RE” respectively show a ccmposmon richer

in the transition metals and a composition richer in the rare -~

45

5 525 378

1ty, and. - ” ind1catcs that thc record bits are unstablc

“These rcsults indicate that stable record bits are obtamedi -
only when one of the first and second magnetic layers is -

other is'composed. of the rare earth-rich composition; -

........

. or mcrt gas at 7><10 Torr fcr 5 mmutcs of Icngcr

pressure, at least equal to 2x107° Torr, of a substance ...

- capable of reacting with a constituent element of the "
- first or second magnetic layer or being chemically -

absorbcd by sz-ud element; or -

» compcscd of the transition metal-rich composition and the :
1L Add1t10n ofa Prcdctcrmmcd Stcp in thc Prcparatlcn of thc '

Mcdmm | | .
In the . prcparatlon of thc magnctccpncal rccordlng?'??:f"f'

' (B) a stcp of . standmg in ‘an. atmosphcrc with a partlali

~or a substance capable of reacting with a constituent 'I'f:”;'f_'ﬁ:; -

clcmcnt of the first or sccond magnctlc layer or being -

sutucnt clcmcnt of thc ﬁrst or sccond magnctlc layer or:fi'

‘being chcmlca.lly absorbed by sald element are H,O, 02, HZ, o

-N2,HS CS, and-CH,,. . | - o
~In the usual manufactunng proccss for the- mcchum aftcr::fr s e

thc formation of the first magnetic layer, the formation ofthe

second ‘magnetic layer is conducted immediately (for

‘example within 1. minute) in a.clean high-vacuum atmo=

sphere: Howcvcr the -addition of one of the- steps (A) (C)..« |

modifies the cxchangc fcrcc coercive force or stablhty of . -
recording charac-- .
teristic can be obtained through precise control of thcﬁ.
pmccss conditions, process time etc. -- Coen
~The effects of the steps (A)—(C) wﬂl bc vcnﬁcd in thc'- T

the magnetic layers, and .a. rcprcduclbl

- followmg cxamPlcs

earth elements, compared to the compensation.composition. . . -

A pregrooved and profcnnattcd pelycarbonatc disk sub- -
. _Strate .w.,as set ln,.:a_.s.pu_t_,tcnng ap_p.ar,atus:...wnh three _targets,. and : R

~ 1st mag. laycr"_. L 2nd mag. 'Iaycf

Evaluatmn cif
record blts

bit 4c in

bit. 4f in. S

T™)

| Exampie e (TM o RE rich). ~ (TMorRE fch) '
5 Tb Gdlﬁchl . (TM) '"fTmeyHFeﬁﬂcm., B (RE)
6-1 . Thy3Gd;77Fesg (RE) -TbT.aDYa.ﬁFﬁm.?Cﬂm.s = (TM)
- 6:2 TbyGdygFeg; . - (TM) "Thy,DygeFeqs 7C0155 .
63 TbasGdyyFers

(RE).. o~

' _FG.S  FGS
- +_'ff
+

THOH 4+

"‘+” indlcatcs that the rcccrd bItS are stablc in the absence of

) cxtcmal magncuc field and provide satisfactory- rcpmduc--
~ tion signals; “+

” indicates that the record bits are partially -

65

1nvcrtcd or thc rcproducncn 31gnals are of msuﬁmcnt qual- -

The: apparatus was cvacuated to 1x10™ 7 Torr and a o
- .protcctlvc SiO layer of 1000 A in thickness was obtained by -+ -

-_ Isputtcrmg from a. ﬁrst targct in argon gas, wﬂ;h a sputtcnngz.c S

Thc ﬁrst and sccond magnctlc laycrs can be: fcrmcd by R

sputtcnng, 91' EV&PGI'HUOH for cxamplc w1th electron bcam e

Reating:- R, - o

Examplcs of thc abcvc mentioned rcmcumng gas - are o - .
H20 0,, H,, N, and low-molecular compounds consisting S

~of C, H, N and O and. cxamples of the inert gas are Ar He '

~ and Ne C |
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speed of 100 A/min. and a sputtering pressure of 5x107
Torr. Then a TbFe alloy was sputtered from a second target,
in argon gas, with a sputtering speed of 100 A/min. and a
sputtering pressure of 5x10~ Torr to obtain a first magnetic
layer composed of Tb,gFeg, with a thickness of 300 A,
T,=ca. 140° C. and H,=ca. 10 KQOe. After the completion of
sputtering, argon gas supply was continued for 30 minutes,
with a pressure of 5107 Torr in the sputtering chamber.

Then a TbFeCo alloy was sputtered in argon gas with a
sputtering pressure of 5x10 Torr to obtain a second

magnetic layer composed of Tb,;Fe,;,Co, with a thickness
of 400 A, T,=ca. 200° C. and H,=ca. 1 KOe.

Subsequently a SiO protective layer of 2000 A in thick-
ness was formed by sputtering {rom the first target in argon
gas, with a sputtering speed of 100 A/min. and a sputtering
pressure of 5x107 Torr.

After forming these layers, the above-mentioned substrate
was adhered to a polycarbonate plate with hot-melt adhesive
material to obtain a magnetooptical disk. Said disk was
mounted on a record/reproducing apparatus and was made to
pass through, with a linear speed of 8 m/sec., a unit for
generating a magnetic field of 2.5 KOe. The recording was

conducted with a laser beam of a wavelength of 830 nm,

concentrated to ca. 1 um and modulated in two levels of 4
and 8 mW, with a duty ratio of 50% and a frequency of 2
MHz. The bias magnetic field was 100 Oe. Binary signals
could be reproduced by irradiation of a laser beam of 1.5
mWwW.

The above-explained experiment was repeated also on a
magnetooptical disk already recorded over the entire sur-
face. The previously recorded signal components were not
detected in the reproduction, so that the possibility of
overwriting was thus comfirmed.

EXAMPLE 8 AND REFERENCE EXAMPLE

5.525.378
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Samples of the magnetooptical disk were prepared in a

process similar to that of the Example 7 but with varned
conditions (atmosphere and pressure) in the step between the
formations of the first and second magnetic layers, as listed
in Tab. 3. Those marked with * are examples of the present
invention, and others are reference examples.

In examples 8-30 to 8-33, a disk electrode of 20 cm 1n
diameter was placed at 5 cm from the polycarbonate sub-
strate, and a plasma treatment was conducted with a dis-
charge power of 50 W, in the presence of various gasses
listed in Tab. 3 at a pressure of 5107 Torr in the sputtering
chamber. In examples 8-5 to 8-14, the main valve of the
vacuum pump was suitably closed to vary the remaining gas
atmosphere.

Each sample was evaluated for the stability the record bits
4f, shown in FIG. §, in the absence of external magnetic
field, through the measurement of an external magnetic field
inducing the inversion of magnetization in the magnetic
layers. “+” and “—” respectively indicate that the record bits
are stable or unstable.

Also each samples was tested for recording and repro-
duction in the same manner as in the Exampie 7. *+” and “-~
respectively indicate that the recording was satisfactorily or

unsatisfactorily made.
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TABLE 3
~ Sample evaluation
Exam- Vacuum  Time  Stability Record
ple Atmosphere (Torr) (mun) of bits 4f  state
* BEx. 7 argon gas 5x 10 30 + +
8-1 " " 1/4 — -
- *B8-2 ! " 2 — -
* 8-3 " " 5 + +
8-4 " " 15 + +
8-5 remaining gas 1x10° 1/4 — -
8-6 ¥ ! 2 - —
* 87 " ) 5 + +
* 8-8 " ! 15 + +
* 8-9 ¥ 30 + 4

8-10 remaining gas 3 x 107° 1/4 — —

8-11 " ! 2 - —
*g12 s ¥ ¥
* 8-13 ! ! 15 -+ +
* 8-14 " ¥ 30 + +
* 8-15 OXygen gas 3 x 107° 1/2 + +
* 8-16 " | " 2 + +
* §-17 " X 5 - -
* 8-18 ! X 15 + +
* 8-19 "’ " 30 + +
* 8-20 nitrogen gas 3 x 107° 1/2 + +
* 8-21 " " 2 + +
* 8-22 " " 5 + +
* 8-23 " ) 15 + +
* 8-24 nitrogen gas Ix107° 30 + +
* 8-25 hydrogen gas 3 x 107° 172 — -
* 8-26 ) " 2 + +
* 8-27 " ' ! 5 + +
* 8-28 " " 15 + +
* 8-29 | 30 + +
* 8-30 argon plasma 3 x 1073 1/12 + +
* 8-31 oxygen plasma ) 1/12 + +
* 8-32 nitrogen plasma 1/12 + +
* 8-33 hydrogen plasma " 1/12 + +

Results of the Example 7, Examples 8 and Reference
Examples indicate that the recording by overwriting can be
satisfactorily achieved by the magnetooptical recording
medium prepared employing either one of the steps (A) to
(C).

ITI. Formation of a Magnetic Wall Energy Adjusting Layer
between the Magnetic Layers

Formation of an adjusting layer 41, as shown in FIG. 12,
between the first and second magnetic layers 2, 3 allows to
arbitrarily regulate the magnetic wall energy therebetween,
thereby obtaining a medium satisfying the aforementioned
condition (1). More practically there may be employed a
structure shown in FIG. 13, using a pregrooved substrate 1
and provided with protective layers 42, 43. In FIGS. 12 and
13, same components as those in FIG. 3 are represented by
same numbers and will not be explained further.

Said adjusting layer 41 may be composed of a material not
deteriorating the magnetic layers, for example Ti, Cr, Al, Ni,
Fe, Co, rare earth element or a fluonide thereof.

The thickness of said adjusting layer 41 is suitably

- selected in consideration of the materials and thicknesses of
the first and second magnetic layers, but is generally selected

within a range of 5 to 50 A.

EXAMPLE 9

A pregrooved and preformatted polycarbonate disk sub-
strate was set in a sputtering apparatus with ternary targets,
and was rotated at a distance of 10 cm from the target.

‘A ZnS protective layer of 1000 A in thickness was formed
by sputtering from a first target in argon gas, with a

sputtering speed of 100 A/min. and a sputtering pressure of



o ef ca. 200

' 5><10 ' Torr. Then a ThFe alley was sputtered frem a second
target, i argon gas, with a sputtermg speed of 100. A/min. __
and a sputtering pressure of 5107 Torr to obtain a first

oSS

20

As wﬂl be apparent from this chart the exchange force i 13 | -

~ annulated even at a layer thickness. of 70 A with a Fe layer ...

magnetic layer composed of ThalEFeg2 with a thlckness ef

500 A, T,=ca. 140° C. and H,=ca. 5 KOe.

104, by Spllttt:nng in argon.gas with a sputtering pressure. ..
-~ of 5x10™ Torr. Then TbFe and Co were simultaneously
- sputtered frem second and. thlrd targets in argon gas with'a.

_3putter1ng pressure ef 5><10 Terr to ebtarn a seccnd

ca 250"" C and H ——ca 2 KOe

......

Subsequently a ZnS protective layer of 3000 A in tlucle-
- ness was formed by sputtering from the first target in argon-

gas; with a sputtering’ speed ef 100 A/mm and a sputtenng
pressure of 5xX107~ Torr.

After formin g these layers the abeve~ment1ened substratef
~ was adhered to a polycarbonate plate with hot-

1elt adhesrve |

o netrzatlon 18 already known in substauces showing spin - -
- rearrangement. For_?cxample .D_y__C_es,: reperted by M. Ohko- -+

~ having a longitudinal easy direction of magnetization. On = ... |
* the other hand, in case of the Tb,sFe,,Cos with a coercive . -
- force of ca. 300 Oe and with a vertical easy direction of T
‘Then a Co ad_]ustmgilaz._z,er was formed with athtckuess gfi. Ij__._magnetrzatlen parallel to those ‘of the first and second - .
magnetic layer, the exchange ferce 1s stlll eﬁ’ectlve even at L

- a layer thickness of 500 A.

" Therefore; the stabrhty ef recurd b1ts and the stable: |

10 '_recerdrng characteristic can be both obtained by ferrmng,__,;_r-

- between the first and second magnetic layers, an adjusting .
| layer of a material of which easy direction of magnetization.

is longitudinal -at room temperature but is vertical at the . e

- reccrdmg temperature

Temperature—dependent change of easy d1rect10n of mag- | o

~ shi and H. Kobayashi in Physica, 86-88B (1977), p. .

material to obtain a magnetooptical disk. Said disk was

mounted on a recerd!repreducmg apparatus and was made to-

pass. through wuh a 11near Speed of 8 rn/sec a umt for

then conducted Wlth a laser beam of a wavelength of 830"

nm, concentrated to ca. 1 ym and modulated in two levels of
4.and 8 mW, with-a duty ratio of 50%-and a frequency of 2

 metal such as Fe or Ni. Also Tsushima reported, in Oyo. - y

25

~ could be repreduced by rrradrauen wrth a laser beam of 1.5

mw.

The. abeve-explarned experiment ‘was repeated w1th a -
- magnetooptical disk already recorded over the entire sur-
~ face. The previously recorded signal components were not -

detected in the. reproduction, so that the pOSSlblllty ef'__ L
- -overwriting was thus cenﬁrtmed --

The adjusting layer was composed of Co in the foregoing =~~~

| 'embedlment but it may alse be compesed of a magneuc_ s

. tmned lmgltﬂdmﬂll}f 310ng the drsk surface at room - tem_.:-
- perature ‘but vertically. to the d1sk surface at the recording

- temperature. The use of such material reduces the magnetic

~ wall energy between the magnetic layers at room tempera- -,
- ture and provides a larger exchange force to the magnetic

layers -at recording, thereby providing a magnetooptical

recording medium enabling  overwrite recording with a

40 S
' magnetization axis in the longitudinal direction at room

~ temperature and in the vertical direction at the recerdmg.__
‘temperature range, it is desirable to select the Curie point of:

smaller bias magnetic field and superior in the stability of the

“record bits. Such structure will be shown i in the fellewmg .
~ examples. E

A sample: for exchange force measurement was. prepared-; -

.by sputtering, on a slide glass, a first magnenc layer-of

- or Tb,sFe,,Cos in various. thrcknesses and a second mag-

 netic layer of Tb,,Fe,,Cog of 500 A in thickness. The first
‘magnetic layer showed a coercive force-of 12 KOe, with

- Tb, gFeq, of 500 A i in thickness, then an adjusting layer of Fe -~ f'

50

30

45
" the Curie point, a substance showing a relation H,<4 nM_ at ;;;;--;;;_, -
" room temperature may. show a relation H,Z4nM_ in the'
- recording temperature range. As the component vertical to - .

the substrate surface increases by the magnetization of the

 MHz. The bias magnetic field was 100 Oe. Binary signals = Buturi, 45, 10 (1976), p. 962-967, the spin rearrangement in

" rare earth orthoferrites -and - rare earth orthochromites: A - :
suitable modification of the composition of these substances

1195-196, exhibits a change of the easy direction of magne- - =
tization from longitudinal-to vertical in a temperature range . R
- of 50°~100° C. Similar results are known in-compounds in =~ .~

o _'whrch Dy is replaced by another rare earth element suchas =~~~
- Nd, Pror Tb, or in which Co is replaced by another trans1t10n- SR

allows to achieve a change of the ‘easy direction of magne- . -

temperature range:

- tization from longitudinal to vertical state in the recerdmg R

- Also it is already known that a thm magnetrc film has to o

| satrsfy a cendmen |

in erder to have a magnetlaatlen vertical to the film surface

- wherein M, is the: saturated magnetization and. H, is the .

uniaxial amsetreprc magnetic field in said vertical dn‘ectlen o
Therefere in order that the adjusting layer has the casy -

perature. Since-M, shows a rapid decrease in the vicinity of

~said adjusting layer in the vicinity of said recording tem- -

| adjustmg layer, said magnetization is further oriented ver-. o
- tical to the substrate surface by the exchange forces fromthe .

 first and second ‘magnetic -layers. The exchange forces - .

-prevailing Fe sub-lattice magnetization, while the second
“magnetic layer showed a coercive force ef 6 KOe w1th,.'_

_ prevaﬂmg Tb sub-lattice magnetization. .

55 Tepr esemd by

‘Each sample was subjected to the- measurement of the

external magnetic field inducing the inversion of magneti- -
zation of the first and second magnetic layers, in a VSM and S

- Heﬂ(l 2)‘*‘*5»1:12/ ZMsahz

in the presence of an external magnetic field. In a decreasing -~ . Hﬂtz 3)_5‘“23/2&152112

 magnetic field, the samples showed an inversion of magne-.
. tization of the second magnetic layer into a.stable (opposite)
- direction with respect to that of the first magnetic layer. The -

exchange force applied to the second magnetic layer was

- determined from such inversion-inducing magnetic field, as

shown in FIG. 14, which indicates the exchange force on the

o dJustmg layer (Fe or TbFeCo) in abscrssa

65
second magnetic layer in ordinate and the: thickness of the

. ;wherem M,;2 is the saturatlon maguetlaatren of the. adjustm g'..g;;

~layer, h, is the thickness thereof, and G,,,, 0,3 are magnetic - -

- wall energies respectively between the first magnetic layer - -

- and the adjusting ‘layer and between the second magnettc_, S
| layer and the adjustmg layer. =

‘Therefore, in order to orient the magnetlzatlon of the . |

. ad_]ustmg layer in a dlreetlen vertical to- the ﬁlm surface in .-+

_______
|||||||

| __H.,i.ﬂ,:1 2y ‘and H.,_ﬁ_,ﬂ,tz 3y workmg on the adjustlug layer respec--
“tively from the ﬁrst and second magnetrc layers ‘can. be BT SRS
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the recording temperature range by means of said exchange
forces Heﬂ‘(lw:?.) and Hgﬂ?_g)i it is advantagequs fo select a
small saturation magnetization M, and a thickness h,, as
long as the easy direction of magnetization remains longi-
tudinal at room temperature.

EXAMPLE 10

A pregrooved and preformatted polycarbonate disk sub-
strate was placed in a sputtering apparatus with quaternary
targets, and was rotated at a distance of 10 cm from the

targets.

A Si protective layer of 500 A in thickness was sputtered
from a first target, in argon gas, with a sputtering speed of
100 A/min., and a sputtering pressure of 5x107> Torr. Then
a GdTbFe alloy was sputtered from a second target, in argon
gas, with a sputtering speed of 100 A/min. and a sputtering
pressure of 510~ Torr to obtain a first magnetic layer
composed of Tb,,Gd,,Fe,s with a thickness of 300 A,
T,=ca. 150° C. and H.,=ca. 8 KOe. Fe¢ was prevailing in the
sub-lattice magnetization of the first magnetic layer.

Then a TbFeCo alloy was sputtered from a third target, in
argon gas, with a sputtering speed of 100 A/min. and a
sputtering pressure of 5x10™ Torr to obtain an adjusting
layer, composed of TbyFe,,Cos having a thickness of 200
A and a coercive force of almost zero at the Curie tempera-
ture of ca. 170° C. The easy direction of magnetization of
said adjusting layer was neither longitudinal nor vertical,
and the external magnetic field required for orienting the
magnetization in either direction was ca. 2.5 KOe.

Then a TbFeCo alloy was sputtered from a fourth target,
in argon gas, with a sputtering speed of 100 A/min and a
sputtering pressure of 5x10™° Torr to obtain a second
magnetic layer composed of Tb,,Fe..Cog with a thickness
of 300 A, T,=ca. 180° C. and H,=ca. 1.5 KOe. Tb was
prevailing in the sub-lattice magnetization of said second
magnetic layer.

Subseguently a Si protective layer of 1000 A in thickness
was formed by sputtering from the first target, in argon gas,

with a sputtering speed of 100 A/min. and a sputtering

pressure of 5x10~> Torr.

After forming these layers, the above-mentioned substrate
was adhered to a polycarbonate plate with hot-melt adhesive
material to obtain a magnetooptical disk.

The effective bias magnetic field, caused by the exchange
force on the second magnetic layer, was almost zero in thus

prepared magnetooptical disk, when measured in the same

manner as in FIG. 14,

Said magnetooptical disk was mounted on a record/
reproducing apparatus and was made to pass through, with
a linear speed of ca. 8 m/sec., a unit generating a magnetic
field of 2.5 KOe. The recording operation was then con-
ducted with a laser beam of a wavelength of 830 nm,
concentrated to ca. 1 um and modulated in two levels of 4
and 8 mW, with a duty ratio of 50% and a frequency of 2
MHz. The bias magnetic ficld was 100 Oe. Binary signals
could be reproduced by irradiation with a laser beam of 1.5

mW.

The above-explained experiment was repeated with a
magnetooptical disk already recorded over the entire sur-
face. The previously recorded signal components were not
detected in the reproduction, so that the possibility of
overwriting was confirmed.

EXAMPLE 11

Samples of the magnetboptical disk were prepared with

the same process and materials as in the Example 10, except
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that the material and thickness of the adjusting layer were
varied.

The prepared samples were subjected to the measure-
ments of the effective bias field caused by the exchange
force on the second magnetic layer and the recording
characteristic in the same manner as in the Example 10. The
results are summarized in Tab. 4.

TABLE 4
Thickness  Effective bias Recording
Exam- Adjusting of adjust- field on 2nd character-
ple layer ing la. layer 1stic
10 ThbasFeg,Cos 200 A 00e¢  Good
11-1 None — 2000 Oe First-type
record not
possible
11-2  Fe,,Cra, 40 A 200 0e  Good
11-3  DyCos 200 A 00e  Good
11-4 Sm, -Fe,FeO, 150 A 300 0e  Good
11-5 Si 40 A 250 Oe  First-type
record
sensitivity
low, bit
error rate
high
11-6 Si 60 A 150 Oe  First-type
record not
possible

The sample 11-1 wash not provided with the adjusting
layer. In this case stable record bits could not be formed
because the effective bias magnetic field, required for ori-
enting the magnetization of the second magnetic layer in a
direction stable with respect to that of the first magnetic
layer, was larger than the coercive force of the second
magnetic layer.

The Fe,oCrs, film employed in the sample 11-2 has a
Curie point lower than 200° C. and a longitudinal easy axis
of magnetization. With a thickness not exceeding 30 A, the
magnetization was oriented in the vertical direction by the
exchange forces from the first and second magnetic layers.
Therefore the effective bias field on the second magnetic
layer became larger and stable recording could not be
achieved. On the other hand, with a thickness of 100 A or
larger, vertical magnetization was not induced in the record-
ing temperature range due to the excessively large saturation
magnetization, so that the recording was not made due to the
absence of the exchange force.

DyCo; (magnetic transition point 50°-80° C.) and
Sm, -Fe, ;FeO; (magnetic transition point ca. 110° C.)
employed in the samples 11-3 and 11-4 provided satisfactory
recording in a thickness range of 100-400 A. This result is
based on a change of the easy axis of magnetization from the
longitudinal direction to the vertical direction in the record-
ing temperature range (50°-150° C.), despite of the fact that
the effective bias field on the second magnetic layer is
almost zero at room temperature.

~ Si employed in the samples 11-5 and 11-6 1s not magnetic.

 With a thickness of 40-60 A, the Si layer hinders the

exchange coupling between the first and second magnetic
layers, so that the measured effective bias field on the second
magnetic layer was as small as 250-150 Oe. This efiective
bias field decreased with the rise of temperature, so that the
first-type recording, in which the magnetization of the first
magnetic layer is arranged in a direction stabler with respect
to the magnetization of the second magnetic layer against
the bias field was not possible at the recording temperature
range.



| 'FIG. 15 shows the effective bias fields on the ﬁrst or
‘second magnetic layer in ordinate, as a function of tempera-
ture in abscissa, measured on the sarnple of the Example 10.

The first magnetrc layer receives no eﬁeeuve bias field up |
1o 80° C,; but receives, from 90° C., a bias field for orienting
- the magnetization of said first magnetrc layer in a stable

 direction with respect to the second magnetic layer. Said bias d1rect10n at the recording temperature. -

I- 1 5’ 5 2 5,37 8 T o |

field monotonously decreased above 90° C. to reach zero at -
the Curie point of the first magnetic layer. The second-

magnetic layer received no bias field over the entire tem-
perature tange measured. These results coincide with the

satisfactory recording characteristic of the magnetooptical o
-disk of the Example 10. | B
Then a sample was.prepared by sputtering an a.d_]ust1ng R

3 layer of Th,sFeg,Cos, employed in the Example 10, with a'"'_l"s'."

thickness of 1000 A on: a slide glass, and by forming aSi,N, -
protective layer of 1000 A in thickness thereon. FIG. 16

shows the external magnetic field required to orient the
magnetraatten of said Th,sFeq;Cos layer into the vertical
dtrectrcn in ordinate, as a function of temperature in <
~ abscissa, measured on the above-mentioned sample. The =
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magnitude of said required external field decreases with the -~

~rise of temperature, and becomes about 500 Oe in the
- temperature range: of 80°-90° C. where the first magnetic- -~
layer starts to receive a large bias field. In the sample of the =
~ Example 10, it is assumed that the rnagnetlzatrnn of the =
~ adjusting layer is oriented, with- the rise of temperature, in ...
‘the vertical direction at the interface between . the first-

- magnetic layer and the adjusting layer owing to the
- exchange force at sard interface, and the magnetization of
the adjusting layer in the.vicinity of the interface with the -
- second magnetic layer is also oriented in the vertical direc-
tion in a temperature range of 80°~90° C.
~effective bias field emerges in this state between the firstand -~
- second magnetic layers through the adjusting layer.

, so that a large

30

substrates

selected in the wcrmty of the recording temperature the - -

~ saturation magnetization -decreases -in the vicinity of the ... -«
- recording temperature, thereby - satisfying -the condition -+
"H,24nM_ for vertical magnetrzatron In this manner it is =
- possrble to orient the easy .axis of magnetrzatmn in the -~

- surface direction at room temperature and in the- vertrcalj o

~The change of the easy axis of magneuzatren of the:f::ii_?___'ff'_'.'f'. R

~magnetic- layers of Fe,

Fe Tb GdSFegg or ’['blﬁGdlﬁFe{58 empleyed as the adjust- R
- ing layer did not have a vertrcal easy axis cf magnettzatton- U g

at room temperature

"FIG. 17 shows the external magnettc field required for
vertlcal orientation in: erdmate as a function of the ternpera-- SRR T

‘ture rn abscissa, bbtatned in said. measurement

‘the decrease of saturation magnetization is still small at 160°.~ ..
- C. The TbsGdsFey; and Tb;4Gd,cFegs, both-being rare -

* The adjusting layer composed of Fe did not show orien- .
~tation of the magnetization into the vertical direction, since .

earth-transrt:ten metal alloy and having the easy direction off:' -
magnetization also in the surface direction, show a srgmﬁ- .

The abeve-mentrened adjusting layer cempused of arare

‘earth-transition. metal alloy, can be optimized in composr-' N
- tion,.1n consideration-of the following factors: :

(i) The rare earth-transition metal alloy shows a rnagnetrc ;40 |

anisotropy in the .vertical direction, when the rare earth .

and transition metal elements. Outside said range, the easy

~ reasons. Firstly, the condition H;=4nM, for realizing a

vertical magnetization cannot be satisfied, -because of the
- large saturation magnetization M, wherein H_ _b_emg the
vertical anisotropic. magnetic: ﬁ_e_ld. Secondly, the vertical
magnetic anisotropy. in a rare .earth-transition metal alloy
- film 1s caused by the coupling of the rare earth element and
- the transition metal element. The magnetic moment of the -
~ rare earth-transition metal element pair has a high probabil-
- ity of orientation in the vertical dlreetrcn cnly in the abeve— L

~ mentioned percentage.

- (11) The rare earth-transition metal alloy employed in the s
adjusting layer, if rich in. the rare-earth element compared .
- with the compensation composition, is-increased in the rare -~
“earth content from a composition showing vertical magnetic

anisotropy thereby increasing the saturation magnetization

- axis of magnetization is in the longitudinal direction or in the

direction of surface, possibly because of following two '4_'5_.

‘and facilitating the magnetizatibn in the longitudinal direc-
tion. If the alloy is rich in the transition metal element -
| cempared wrth the eempensatlon cempesrtron the trans1t10n-- j

vertteal magnetlc antsctrepy, thereby 1ncreasrng the satura-
‘tion magnetization and facrhtatrng the magnetization in the
- --lcngrtudrnal dtrectmn It the curie pernt cf the materlal is-

35 ..

-a smaller external field at a higher temperature, in compari=""- - -
- son with TbsGds Fego which is richer in the transition metal .~

cant decrease in magnetization because the Curie pemt 18 in

a range of 100°-200° C. Thus the magnetization can be

Tb,Gd, [Fee, which is richer in the rare earth element -

compared to the compensation composition, shows easrer";_

element represents a range 12-28 atomic % in the rare earth .~ orientation of the magnetization in the vertical directionr with- - -

Besrdes the required: external field becomes smaller, inthe -

50
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temperature range of 70°-80°°C., than the coercive force of

| the second magnetic layer A measurement for 1dent1fymg o
__ 'whether the external ‘magnetic field required for inverting . - -

-ad_]ustrng layer from the surface or longitudinal direction to -
10 the vertical drrectren was expenmentally conﬁrrned in thefj"
"_fellewmg manner.” . e
Three - samlales were prepared by sputtermg, on glass-z_?_-,
TbsGdsFeg, or
'_rblﬁcdlﬁaeﬁg of a thickness of 500 A as an ad_]ustlng layer SRR

~ oriented in the vertical direction with a limited external -~
- magnetic field when heated to about 100° C.. Partrcularly B

second magnetrc layer uf Tb24Fe74Ceﬁ ef a thrckness of 500 © .
A was formed without breaking the vacuum, and a SisN, .~
_ protecttve layer of 700 Ai in thickness was formed thereon. . .-

~Each . sample was subjected to the measurement of the = -
- external magnetic field required to orient the magnetization .
of the ad_]usung layer 1nt0 the Vertteal dtrectron asa functren--_ AR

the magnetlaatlon of the adjusting layer is dependent on the**r'z"'-"'?_t; -
direction of magnetization of the second magnetic layer, . .= .

namely - whether an . exchange force exists between the - '.: .: e S
- adjusting layer and the second magnetic layer, clarified that = -~
no exehange ferce was’ present at TOOM temperature but a

present at 90‘” and 110° C

Tb,¢Gd; ¢Feqs, richer in the rare carth element than the _
~ compensation composition, shows an enhanced. crtentatreni‘ L

~of the easy direction of magnetization in the vertical direc- -

60

tion at hrgher temperatures because of the fellowmg twe;___
__;_reasens - __ | L

Flrstly, 1t is ernprrrcally knewn that in an exchange-j; -

. ceupled combination of the adjusting layer and the second -
. magnetic layer, a stronger-exchange force is obtained ina .

combination in which both layers are rich in the rare earth D
element or in the transition metal than in a combinationin . -~

| :'whrch one layer 18 nch in the rare earth element whrle the-_:;:_'f :
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other 1s rich in the transition metal. Thus the adjusting layer
is easily oriented in the vertical direction, since the second
magnetic layer 18 a magnetic film vertically oriented to the
film surface.

Secondly, the rare earth elements have lower Curie points
in isolated state. Thus, in the rare earth-transition metal
alloys, the rare earth element contributes more significantly
to the decrease of magnetization at higher temperatures, if
the composition is rich in the rare earth element. For this
reason the compensation temperature is present above room
temperature. |

A composition not showing vertical easy direction of
magnetization because of the excessively large magnetiza-
tion of the rare earth element shows a decrease of magne-
tization of said rare earth element at higher temperatures, so
that the magnetization is represented by the magnetizations
of the rare earth element and the transition metal which
originally have vertical magnetic anisotropy.

EXAMPLE 12

A pregrooved and preformatted polycarbonate disk sub-
strate was placed in a sputtering apparatus with quaternary
targets, and was rotated at a distance of 10 cm from the
targets. |

A Si,N, protective layer of 700 A in thickness was formed
by sputtering from a first target, in argon gas, with a
sputtering speed of 100 A/min., and a sputtering pressure of
5%10~> Torr. Then a TbDyFeCo alloy was sputtered from a
second target, in argon gas, with a sputtering speed of 100
A/min. and a sputtering pressure of 5x10™ Torr to obtain a
first magnetic layer of Tb, <Dy<Fe-.Co, with a thickness of
300 A, T,=ca. 150° C. and H,,=ca. 10 KOe. Fe and Co atoms
were prevailing in the sub-lattice magnetization of the first
magnetic layer. Then a TbGd Fe alloy was sputtered from a
third target, in argon gas, with a sputtering speed of 100
A/min. and a sputtering pressure of 5x10~> Torr to form an
adjusting layer of Tb, .Gd, Fe., with a thickness of 200 A,
and Curie point of ca. 160° C. Said adjusting layer did not
show a vertical easy direction of magnetization at room
temperature, and the external magnetic field required for
orienting the magnetization into the vertical direction was
ca. 2 KOe at room temperature. Then a TbGdFeCo alloy was
sputtered from a fourth target, in argon gas, with a sputtering
speed of 100 A/min. and a sputtering pressure of 5x107
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Torr to obtain a second magnetic layer of Tb,yGdsFe,,Cog
with a thickness of 300 A, T,=ca. 190° C. and H,=ca. 1.8
KQOe. Tb and Gd were prevailing in the sub-lattice magne-
tization of said second magnetic layer.

Subsequently a Si,N, protective layer of 800 A in thick-
ness was formed by sputtering from the first target, in argon
gas, with a sputtering speed of 100 A/min. and a sputtering
pressure of 5x10™ Torr.

After these layer formations, the above-mentioned sub-
strate was adhered to a polycarbonate plate with hot-melt
adhesive material to obtain a magnetooptical disk.

Then there was made a measurement, with VSM (vibrat-
ing magnetization measurer), of the external magnetic field
inducing the inversion of magnetization of the first and
second magnetic layers. The effective bias field cause by the
exchange force on the second magnetic field was 1dentified

as almost zero.

Said magnetooptical disk was mounted on a record/
reproducing apparatus and was made to pass through, with
a linear speed of ca. 8 m/sec., a unit generating a magnetic
field of 2.5 KOe. The recording operation was then con-
ducted with a laser beam of a wavelength of 830 nm,
concentrated to ca. 1 um and modulated in two levels of 4
and 8 mW, with a duty ratic of 50% and a frequency of 2
MHz. The bias field at recording was 150 Oe. Binary signals
could reproduced by irradiation with a laser beam of 1.0

mw.

The above-explained experiment was repeated with a
magnetooptical disk already recorded over the entire sur-
face. The previously recorded signal components were not

‘detected in the reproduction, so that the possibility of

overwriting was thus confirmed.

EXAMPLE 13

Samples of the magnetooptical disk were prepared with

the same process and materials as in the Example 12, except

that the composition of the adjusting layer was modified.

Then there were measured the effective bias magnetic
field caused by the exchange force on the second magnetic
layer, and the recording charactenistic, according to the same
methods as in the Example 12. The resuits are summarized

in Tab. 5.

TABLE 5
Effective
Coercive - bias field
Easy direction  force of on 2nd Recording
Example Adjusting layer Note of magnetization adj. layer mag. layer  charactenistic

13-1  Tb, sGd, sFegs Fe rich Surface e 0 Not good (1st type
recording not

| possible}

13-2  TbsGdsFeyg X — 0 Not good (1st type
recording sensi-
tivity low)

13-3  Tb,Gd Fege " Vertical 0.3 KOe 05KOe Not good (1st type
recording not
possible)

13-4 TbgGdgFeg, ' 1.5 2.5 Not good (1st type

. recording not
possible)

13-5  TbyoGd gFesg ' 7 2.5 Not good (1st type
recording not
possible)

13-6  Tby,Gd;,Fe4, Tb, Gd rich ! 5 2.5 Not good (1st type

recording not
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TABLE SCentmued o

Easy direction

Example . Adjusting fayer - .. = . Note~ of magnetization -

mag layer:

o | "”:___-'.Eﬂ’eetwe e
'Ceerewe - bias field-
ferce of -

adj. layer

E '_Reenrdmg
- eharaetenstle

on ond

137

" Tbys0dysPess R - Surface
| TbZDGdZDFeﬁﬁ o _r',..' o o .u- - .. | |
TouGdoFe. " e

138
- 139
L1310

- 13-11.

ToysGdyaFens - " "1

B _pesstble)
-~ Not-good (lst type -
- recording nat

- pus_slble) |
 Good

- Good -
[P -Gﬂnd __
1l . .. Not gund (lst type
- tecording sensi--

_ tivity low)

'In" Tab"' 5 Ethe"' e(}lumn '“Note” indicates Whether 'the -

Gd.

- Gd) represented 20-50 atomic % in the adjusting layer. -

Al the samples were-easy to magnetize in the surfaee
- direction, as these compositions were rich in the rare earth_ ?‘5 e

elements of Tb and Gd, compared to the cumpensatmn;--

eempomtlen

- seeond magneue layer was almost ZCTO because the ad]ust-
. ing layer was rich in the transition metal (Fe), but the.
. recerdtng of first type could not be achieved in stable -
 manner, because the bias field caused by the exchange force =~

- between the first and second magnetic layers and acting to ..

- orient the magnetization of these layers in stable dlI‘ECthIlS |

~ was small.. | - o

- The sa.lnples 1---3" 4—13 7 havmg a vert1ea11y magnetlzed -
adjusting layer, shows an effective bias field on the second
‘magnetic layer in the order of 2.0 to 2.5 KOe, larger than the - 40 o

- coercive force thereof. The recording of first type couldbe
‘made in these samples, since the magnetization of the

samples 13 8 to 13 10 in Wthh the rare earth elements (Th -;- RS |

1422

TABLE 6

Eﬂ’eet .
| blas field =

Striicture

2nd mag. - on 2nd - Recording

layer .

Ist mag. ‘Adjust.
. layer

. layer .

Sam-
ple

-1 KOe Not 200d (st |
type reﬂﬂrdifn.g_. a

- .not possible)

- Not good (Ist

| sensitivity low) "
T™
type recording = -

P . LT T T T T T O

- Not gond.(lst' |
~ type .reeerding e
unstable)

Not good (lst. . -

o ‘type recording

CTM

- second magnetic layer is always oriented in a stable direc-

tion w1th respect to the magneuzauon uf the first maguetle -
- layer |

earth element and a Curie point lower than 100°°C. The S
'reeordmg of first type could be made. satisfactorily because = S
- there¢ was no sufficient bias field -caused by the ‘exchange e e T

. force ‘between the first- and second magnetle layers at the
reeerdmg temperature . | .

EXAMPLE 14 -

rare earth element and rich in rare earth element.
In the -p.re_sent example, samples were prep ared with same

The sample 13- 8 had the hlghest propertion of the rare - - )

Layer Type - Composition -

© o Adist -
In the sam;ﬂes of the Example 13, the eempesmens of the__j; e

first magnetic layer, adjusting ‘layer and second magnetic -
layer were respectively rich in the transition metal, neh 1n

- TABLE7 -

- Coercive force. .

Syl n -

10 KQe:
10
- Field for verti-
cal eri.entati_un... .

| TbiiSDYSFe:?.eCﬂa .

S .
- Tb16.5Dys5 ske7,Co,

ThelOdghegy
Th,6Gd eFeqs
TM Thlng3FEBﬂCD5
RE . szDGd5.FeﬁTCUE :

- TM.

layer = - "RE ..
2nd mag.
Clayer o

2 KOe
2
| 18
. L8

150° C.

In Tab. 6 there are shown, corresponding to the coercive .

mag. layer characteristic =~

sensitivity low) . -
Not good (Ist’ .7 . ... .
- sensitivity low) o

~ Not good (Ist - N .-

- type _If_e_eerdmg s
not possible) - .. <

sensitivity: low) |

150°C.

) force of the adjusting layer, the values of external magnetic -

€

- thicknesses, materials and structures as those in the Example
13, except that the first and second magnetic- layers and the -

- adjusting layer were selected from a transition metal-rich

ccomposition (TM) and arare earth-rich composition (RE) of -
a same coercive force and a same Curie temperature. The

65

- samples were evaluated in the same manner as in the

- Example 13, as summanzed in Tab. 6.

field required for orienting the magnetization into the ver- -~ =~ =
~ tical direction. As will be apparent from Tab. 7, the samples - = -

~ 14-1 to 14-4, with transition metal-rich- second magnetic -~
- layer, showed a larger decrease in the coercive force at an' -
elevated temperature than in the samples of the Example 13-

with rare earth-rich composition, so that the coercive force =
- _Of the second magnetle layer became insufficient for fornung .
- stable b1ts at the temperature of recerdmg of first type For -----

1900C T
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this reason there was encountered a low sensitivity for the

recording of first type or unstable recording.

The samples 14-3 to 14-6, with rare earth-rich first
magnetic layers, showed a smaller decrease of the coercive
torce at the elevated temperature, in comparison with the
transition metal-rich compositions in the Example 13. Con-
sequently the condition H,—H,,, ,<0 for recording in the first
magnetic layer at the estimated recording temperature of the
first type. Thus the recording of first type could not be
conducted, or the sensitivity therefor was low.

Also the samples 14-1, 14-2, 14-5 and 14-6, in which the
first and second magnetic layers were both rich in the rare
earch element or in the transition metal, showed a strong

exchange force even at a relatively low temperature when

the medium was heated, and the recording of first type was
only conducted unstable in all these samples, because the
magnetization of the second magnetic layer was oriented in
the stable direction with respect to that of the first magnetic
layer. |

The samples 14-1, 14-3, 14-5 and 14-7, with transition
metal-rich adjusting layers, showed a smaller bias magnetic
ficld caused by the exchange force acting on the first and
second magnetic layers through the adjusting layer, in
comparison with the samples of the Example 13 with rare
carth-rich adjusting layers. Consequently the sensitivity for
the recording of first type was lowered.

From the foregoing results it can be concluded that the

optimum combination of the compositions of the first and
second magnetic layers and the adjusting layer corresponds
to the case of the Example 13, in which the first magnetic
layer, adjusting layer and second magnetic layer are respec-
tively rich in transition metal, rare earth element and rare
earth element.

In the foregoing examples, the recording film has triple-
layered structure consisting of the first and second magnetic
layers and the adjusting layer, but it 1s also possible to form,
between the first magnetic layer and the substrate, a fourth
magnetic layer of a strong magnetooptical effect in strong
exchange-coupling with the first magnetic layer. In such
case the sum of the thicknesses of said first and fourth
magnetic layers is preferably in excess of 200 A for increas-
ing the reproduction output.

In the following there will be given more detailed expla-
nation on the structure of the magnetooptical recording
medium of the present invention and variations thereof.

Thickness of Magnetic Layer

~ In the medium shown in FIG. 3, the thickness L1 of the
first magnetic layer 2 and the thickness L2 of the second

magnetic layer 3 are preferably determined in the following

Maniner.

In the conventional exchange-coupled double-layered
film, the magnetization of a record bit in either of two states
is inverted in two magnetic layers according to the state to
be recorded. On the other hand, in the present invention, the
magnetization of the first magnetic layer 2, principally
related to the reproduction, is inverted according to the state
to be recorded, while the magnetization of the second
magnetic Jayer 3, principally related to the recording, coin-
cides with the direction of the field from the magnetic field
generating unit 8 shown in FIG. 6 and remains unchanged.
Since the sensitivity of the magnetooptical recording
medium is lowered as the thickness of the magnetic layer not
contributing to the magnetooptical effect increases, it 1s
necessary to minimize the total thickness L1+[.2 of said
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magnetic film and to optimize the combination of L1 and L2
sO as to increase the magnetooptical effect at the reproduc-
tion. As will be explained in the following examples, the
layer thicknesses should satisfy {ollowing conditions:

600 ASLI+L2=1000 A

200 AL

in order to obtain a satisfactory sensitivity and a large
magnetooptical eliect.

EXAMPLE 15

A pregrooved and preformatted polycarbonate disk sub-
strate was set in a sputtering apparatus with ternary targets,
and was rotated at a distance of 10 cm from the targets.

A ZnS protective layer of 800 A in thickness was formed
by sputtering from a first target, in argon gas, with a
sputtering speed of 100 A/min. and a sputtering pressure of
5%107° Torr. Then a TbFe alloy was sputtered, in argon gas,
from a second target with a sputtering speed of 100 A/min.
and a sputtering pressure of 5x10™ Torr to obtain a first
magnetic layer of Tb,q sFeg, s with a thickness of 300 A,
T,=ca. 140° C. and H,=ca. 8 KOe.

Then a TbFeCo alloy was sputtered, in argon gas, with a
sputtering pressure of 5x10™ Torr to obtain a second
magnetic layer of Tb,, (Fe;Co-, s with a thickness of 400 A,

T;~=ca.- 190° C. and H,=ca. 0.8 KOe. '

Subsequently a ZnS protective layer of 3000 A in thick-
ness was formed by sputtering, in argon gas, from the first
target with a sputtering speed of 100 A/min. and a sputtering
pressure of 5x10~> Torr.

After these layer formations, the above-mentioned sub-
strate was adhered to a polycarbonate plate with hot-melt
adhesive material to obtain a magnetooptical disk.

(600 A<L1+L2=700 A<1000 A, 200 A<L1=300 A)

Said magnetooptical disk was set on a record/reproducing
apparatus, and was made to pass through, with a linear speed
of ca. 8 m/sec., a unit for generating a magnetic field of 2.5
KOe. The recording operation was then conducted with a
laser beam of a wavelength of 830 nm, concentrated to ca.
] um and modulated in two levels of 4 and 8 mW, with a
duty ratio of 50% and a frequency of 2 MHz. The bias field
was 100 Oe. |

Binary signals could be reproduced by irradiation with a
laser beam of 1.5 mW.,

The above-explained experiment was repeated on a mag-
netooptical disk already recorded over the entire surface.
The previously recorded signal components were not
detected in the reproduction, and the possibility of overwrit-
ing was thus confirmed.

EXAMPLE 16

Samples of magnetooptical disk were prepared with the
same process and materials as those in the Example 15,
except that the thicknesses of the first and second magnetic
layers were modified.

For evaluating the reproduction signal from each sample,
the reflectance at 830 nm and the Kerr rotation angle were
measured. Also there was calculated the product of aquare

~ root of reflectance and Kerr rotation angle, which is usually

accepted as an index for the reproducing performance in
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- In the record bit of the present invention, the magnﬂiza—%
tion of the second magnetic layer is not changed by the state
of record and does. not contribute to ‘the magnetooptical

- effect. In case the first magnetic layer 2is thin, the intensity

of reflected light is reduced and the -aforementioned perfor-

mance index is also reduced if the second magnetic la.yer 3

1s thin or absent.-

The intensity of the reflected light becomes almost con-
stant if the total thickness L.1+1.2 of the first and second .

magnetic layers 2, 3 exceeds 400 A..

It 15 also found out that said performance index and Kerr -
rotation angle become saturated at substantially constant
values when the total thickness L1412 of the first and
“second magnetic layers is equal to or larger than 600 A, but,
if the thickness L1 of the first magnetic layer 2 is less than - __
200 A, the Kerr rotation angle is saturated at a smaller value R

than the saturation value when said thickness L1 1s larger -

50

than 200 A even when the thlckness L2 of the second -

magnetic layer 3 ‘is increased. From these results it is
concluded that the conditions 600 A<L1+L2 and. 200 A<L1 S
60 - )
the first: magnetic layer both in the recordings of first and

~are preferable

These samples were subJected to a test of recordmg and. . .
reproduction in the same manner as in the Example 15, and
satisfactory reproduction signal as in the Example 15 was

On the other hand when L1+L2 was equal to 1000 A the

~types were respectively 2.5 times. of those required when._ |
L1+L2 was 600 A; and said powers rapidly increased when - .
L1+L2 exceeded 1000 A. Thus a condition L1+1.2<1000 A

~was concluded preferable

--;laser powers required for the recordings of first and second

128 )L

As explained in the foregmng, though the second mag- = -

12,

 For the purpose of comparison, ‘the reﬂectanee KBI‘I‘._.:J -

R rotatlen angle and performance index were determined by. -
applying a field stronger than the coercive force of the first -

- magnetic layer in each sample, thereby inverting the mag- -

netization of the second magnetic layer 3 as well as that of .

_netic layer 3 does not change its magnetization during the .
~ reproduction of the recorded signals of first and second =
“types, thus not contributing to the magnetooptical effect, the =~
~presence of said second magnetic layer provides a Kerr -~ .
 rotation angle and a reproduction performance index equiva-

" lent- to the case where the first. magnetic layer 2 has a S
.thlclmess L1 -

second types, just as.in the conventional exchange-coupled' . -

. - double- layered magnetic film. The results are summarized 111'-25;-:_ N
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TABLE 9
Fust 439 47.6 49.6 50.2 50.0 | 49.5 4917 T
magneuc 600 | 0.195 0.186 0.181€ 0.178 0.178 0.178 0.178
layer 19.4 20.5 [ 21.1 21.2 | 21.1 20.9 | 20.7 |
(Ly) . I magnetooptical effect (Kerr rotation angle) ()
(A) 550 ‘. reflectance :
N ; +- \] reflectance X Kerr rotation angle
38.2 43.5 47.6 49.9 50.6 50.3 50.1 49.7
500 | 0.207 0.195 0.185 0.179 | 0.177 0.176 0.176 0.176
17.4 19.2 20.5 21.1 | 21.3 i 211 | 210 | 208
450 N
AN R | I U R
33.1 38.6 44.3 48.7 51.2 52.2 52.2 519
400 | 0.211 0.203 0.191 0.182 0.176 0.173 0.172 0.172
15.2 17.4 19.4 20.8 21.5 21.7 21.7 | 21.5
1
350 \
207 | | 34.7| 405 | |, 46.4 5121 54.1 55.3 55.5
300 | 0.191 0.202 0.197 | * | 0.186 0.177 0.172 0.169 0.167
13.0 15.6 180 | 20.1 21.5 224 | | 22.7 ] 22.7
!
250 1
270 | 33.1 | 380 | 437 497 | 547 | 58.0 | 59.5
200 | 0.134 0.178 0.194 0.192 0.182 0.174 0.168 0.165
- 9.87 14.0 16.7 19.1 21.2 | 22.8 23.8 | 24.2
24.0 33.1 37.7 42.5 48.3 53.9 58.2 60.8
150 | 0.093 0.153 0.186 0.193 0.187 0.179 0.171 0.167
7.3 | 12.9 | 16.2 18.7 20.9 22.8 | | 241 | 24.8
15.6 33.4 38.1 41.7 46.6 52.2 57.2 60.7
100 | 0.051 0.12 0.170 0.193 | 0.195 0.187 0.179 0.173
3.52 | 11.5 15.7 18.3 |\, 20.5 | 22.6 24.2 | 25.3
13.0 33.3 39.5 415 44.7 49.4 54.6 58.9
50 | 0.019 0.078 0.147 0.190 | [ 0.207 0.202 0.194 0.187
1.81 9.32 | 15.1 18.1 v | 202 22.2 | 241 25.5
0 50 100 150 200 250 300 400 450 550 600 650 700

Second magnetic layer (L.;) (13&)

In this case, large rotation angle and index can be obtained
if the thickness of the second magnetic layer is in a range of
300—400 A, even if the first magnetic layer 2 is thinner than
200 A, because the second magnetic layer 3 shows a
magnetooptical effect induced by the inversion of magneti-
zation, and because the second magnetic layer 3 has a higher
Curie point and shows a larger Kerr rotation angle than the
first magnetic layer 2 at a same thickness. However the
contribution of the second magnetic layer 3 in the magne-
tooptical effect is negligible when the thickness of the first
magnetic layer 2 exceeds 200-250 A.

These results coincide with those of Tab. 8 that the
presence of the second magnetic layer 3 provides a Kerr
rotation angle and a performance index equivalent to those

when the thickness of the first magnetic layer 2 i1s equal to
LI1+L2. |

Also when the ZnS protective layers in the samples of the
Example 15 are replaced by those of Si;N,, S1C, S10 or
Al,Q;, the relationship of the thicknesses of the first and
second magnetic layers providing saturated rotation angle
and performance index remains unchanged. SiC, having a
refractive index larger than that of S1,N, or Zn§S, increased
the index by about 10%, but the recording sensitivity was
lowered for a same thickness L.1+L2. On the other hand, Si0
or Al,O,, having refractive indexes lower than those of

Si;N, or ZnS, decreased the performance index by about
10%. |

Also the relationship of the thicknesses of the first and
second magnetic layers providing saturated rotation angle
and performance index was not affected by a change of the
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350 500

material constituting the first magnetic layer 2, from TbFe to
GdTbFe, TdFeCo, GdTbFeCo or DyTbFeCo.

Compensation Temperature of Magnetic Layers

In the magnetooptical recording medium as shown in
FIG. 3, the compensation temperature T, ., of the second
magnetic layer 3 i1s preferably positioned between room
temperature and Curie temperature T, of said second mag-
netic layer. Also such medium allows a recording process
uttlizing said compensation temperature. This process will
be explained in the following, separately in a case of

T,<T and a case of T,,,,, <.

Hcomp comp

(1) Case T, <T,

comp

Referring to FIG. 5, in one of the states 45 prior to the first
preliminary recording, in which the magnetizations of the
first and second magnetic layers are in a same direction, said
magnetic layers are stabilized by the exchange force, so that
the magnetization of the first magnetic layer can only be
inverted by a magnetic field H,+H,,, ,, which are respec-
tively the coercive force of the first magnetic layer and the
exchange force acting on said layer at a temperature t and
which are both functions of the temperature t, while the
magnetization of the second magnetic layer can only be

- inverted by a magnetic field H; +H, -, which are respec-

tively the coercive force of the second magnetic layer and
the exchange force acting on said layer at a temperature t and
which are both functions of the temperature t. For this reason
the preliminary recording bit 4¢ can be stably formed, even

~ in the presence of a certain bias field in either direction.



Hcamp

- temperature T,

o How:e,ver_.;f mthe other of the State;sf_ 4b shown m FTG ‘5, in
- which the magnetizations of the first and second magnetic.

layers are mutually oppositely directed, each magnetic layer

(b) On the other hand, if a cond1t1on H,* HMI <0 s

~ reached before the inversion of magnetization of the first
magnetic layer, the magnetization of the second magnetic.

- receives an exchange force to invert its magnetization. Thus, -
there  will result, a s1tuatton (a) or (b) explamed in the
._followmg

| (@) Ifa s1tuauon H —HHE <:0 occurs when the magnetic
layers are heated close to TL at the preliminary recording of = i

- first type, the magnetization of the first
inverted and arranged in a stable direction with respect to the
 magnetization of the second magnetic layer, thus eompletmg,_---'
~ the prelumnary recordmg of first type.. i

nagnetic layer is.

'ijHﬂ 190° C: THmmp““m” C. and H,=ca 1 Koe.
| Subsequently a/ZnS protecttve layer of 3000.A in tlnck T

- ness was formed by sputtering, 1n argon gas, from the first.. .~

- target w1th a Sputtenng speed of A and a sputtermg pressure;___:‘_'.;;g';_;; o

of 5%10~* Torr. - | | o

After these layer formations, the above-mentioned sub-.:
strate. was adhered with a. polyca;rbonate plate with hot-melt -

1 0 - adhesive materlal to obtain a magnetooptical disk.

- The second magnetic layer showed a coercive force of ca. -

700 Oe around-the Curie point. (130° C.) of the first mag-—

~ netic layer, when measured by the method explamed in the... .
I Example 18. I

5"

layer is inverted and arranged in a stable direction with

Therefore the. value of H

magnetic layer needs to be uniformly magnetized by the

magnetic field generating unit 8 shown in FIG. 6. Conse-

20

should be 1ncreasecl as far as
“possible, and, for this purpose, H,, should be maximized, but-
can only be increased to ca. 2 KOe because the second. =

25

quently, in order to maximize the: coercive force of the

second magnetic layer in the vicinity of the temperature T,

it 18 important to select the compensatton temperature - O.Y_erwntlng. is PBS_S.llifﬂe

of the second magneuc layer close to T,.

In this manner it is rendered possible to prevent the

comp 5

in stable manner, by selecting a. second magnetic layer

| _sausfymg conditions:

T <Ttrcomp» and (coercive force of second layer at tem-

- perature t)/(coercive force of second layer at room
~ netic Kerr effect; in the samples 18-1 and 18-2, at various -

temperatures. In this manner obtained were the temperature L

temperature (=HH))>0.5. |
Among the aforementioned substances the above-men-

~tioned conditions can be satisfied by a TbGdCo alloy richer
in Tb than the compensation composition. Also there maybe
| employed substances obtaining by adding suitable ir
ties such as another rare earth element or another transition-

B metal to the above-mentmnecl tcrnary compound

EXAMPLE 17 B

A pregrooved and preformatted polycarbonate disk sub- o

~ strate was set in a sputtering apparatus with ternary targets, .

and was rotated at a distance of 10 cm from the fargets. .

50

"decrease in-the coercive force H,'-of the second magnetic - - R
layer in the course of heating toward the compensation =
because the coercive force of the sec- -
-ond magnetic- layer becomes- infinite at the compensatton

- temperature Ty,,,,, even if the saturation magneuzauon M,
of the second magnetic layer is decreased. T

- As will be apparent from the following examples,;_ it is
: possible to achieve the preliminary recording of the first type -
40
_ T'bISFeSICo4 | - N
- B-H loops were determined by measunng the magnetrc;-'}:,___: N
| mclucmg the inversion of magnetization, by means of mag-

5.

. of 500

W,

o EXAMPLE 18

* This magnetooptlcal dtsk was mounted on a reeord/éf;;e-{; ._ o
| re131‘0(:1uc1ug apparatus, and was made. to pass-through, with: .. -

" a linear speed of ca. 8 m/sec., a unit generating a magnetic -
respect to the magnetization of the first magnetic layer. -

~ Therefore, the preliminary recording of first type; requiring .
- the inversion of magnetrzatlon of the first magnetic layer,
- becomes- 1mpossable | |

field of 2.5 KOe. The recording ‘was conducted with a laser - - L
~ beam of a wavelength of 830 nm, concentrated toca. I'um .~~~

| 'and modulated 1n two levels of 4 aud 8 mW w1th a duty rat1o . ..

_' Oe in a drrectlon to invert the magnetrzaﬂon of the seconcl sl
magnetic- layer. Binary signals could be reproduced by o e
“irradiation with a laser beam of 1.5 1 S
The above-explained experiment was repeated witha
magnetooptlcal disk already. recorded over the entire sur- o
face. The. prewously recorded signal components were not
. cletectecl in the reproductlon and this result confirms that the-

ACCGTdmg toa process similar to-that in. the Example 17 S

except that the second magneuc layer was replaced by;

'there were prepared a magnetooptlcal disk sample -18- 1 h
E havmg a°'ZnS layer of 1000 A ‘a first magnetic layer offf:'“___:

- Th, 8Fe8 of 300 A, a second magnetic layer of sz.?FemCogi S
. and a ZnS layer 1000 A formed in this order.on -

~a glass substrate and a sample 18-2-of the same structure -

o characterrsuc of the coercwe force (FIG 18) and the tem-

After the ‘sputtering: apparatua was. evacuatcd to 1>~<10"“5i L

| -3OOA T,=ca. 130° C. and H,=ca. 10 KOe.-

Then a TbFeCo alloy was. sputtered in argon gas wrth a

- sputtering pressure of _5>§10__ ‘Torr to. obtain- a___S_E_C@nd_ __

Torr or lower, a ZnS protective layer of 1000 A in thickness
was formed by sputtering, in argon gas, from a first target
with a 5putter1ng speed.of 100. A/min. and a sputtering
-pressure of 5%107 Torr. Then a TbFe alloy was sputtered, in
‘argon gas, from a second target with a spattermg speecl of
100 A/min. and a sputtering pressure of 5x107> Torr to

obtain a first magnetic layer of Tb,gFeg,, with a thickness of

“In FIG. 19 showin g-the temperature dependence of the

lmes indicate HH Hmﬂ for the first magnetic layer A.

The lines marked as A/B are related to the sample 8- 1 :_ o
. wh11e those marked as A!C are related to the sample 18 2

difference of coercive.force and. exchange force, broken ..
- lines -indicate- H, -H,,

" 6'5 .

puri- - | '_"exchange force (FIG 19) for the ThlgF e82 laycr (heremafter. "::.
- called layer A), TbyFegCog layer (layer B) and oo
f---Tt:nlﬁFeSlCo4 (layer C).- | -
- As shown in FIG. 18 the layer A showed, at room. RE
E— temperature a coercive. force H,, of ca. 10 KOe and a Curle' et e
point T, of ca. 130° C. -- T
- Also at room- temperature the layers Band C showed a
~coercive force H; of ca. 1 KOe ancl a curie pomt T, of ca. - o
.190o C R - - | | | s
The compensauon temperature was ca. 210° C. and ca.
~130° C. ‘respectively for the layers-B and C. The coercive - L_
forces of the layers B and C around T, were respectively ca. ...
--___’70% and ca. 30% of those at-room temperature. . o

 for-the layer B or ¢, while solid .- '
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In practice, only the smaller one of H,—H,, , and H; -
H,., 1s measurable. The larger one cannot be measured
because, when the external magnetic field 1s increased, the
magnetization of a magnetic layer with a smaller coerci\?ity

is inverted at a point lower than the inverting magnetic field.

The meaning of FIG. 19 will be explained in the foliow-
ing.

Composition of T of 2nd

2nd mag. layer mag. layer
Example (atom. %) (°C.)
Ex. 17  Tb,,Feq,Coq 190
19-2 'Tb,sFe7; 5C0ya 5 240
19"3 Tb15FﬂﬁﬁC019 280
19-4 Thy4Feg;Cog 170
19'5 TbZTFE'ﬁ].CGIZ 215
19-6 Gd;4Th;,Fes,Coq 197

38
EXAMPLE 19

Samples 19-1 to 19-6 of magnetooptical disk were pre- -
pared with the same process, structure and thicknesses as in
the Example 17, except that the substance of the second
magnetic layer was changed, and subjected to the evaluation
of recording and reproduction in the same conditions as in
the Example 17. The results are shown in Tab. 10.

TABLE 10
Compensation Threshold  Evaluation  Evaluation
temp. of 2nd Ratio of coer- value for of first of second
mag. layer cive force at Ty first type  type record type record
Ticomp to room temp., recording at 4 mW at 8 mW
210 0.7 3.5 mW + .+
below room 0.3 4.5 mW — +
temp.
below room 0.5 4 mW x ns
temp.
below room 0.7 3.5 mW + —
temp. |
240 0.7 35 mW + +
210 0.8 3.5 mW + +
220 0.8 3.5 mW + +

When the inverting magnetic field 1s measured with
increasing temperature, H,—H,,, of the second magnetic
layer initially has a positive value of 200-3000 Oe¢. How-
ever, at a temperature lower than T, by 20°-50° C., H,—
H.,r of the first magnetic layer becomes negative, so that
the second magnetic layer is spontaneously oriented in the
stable direction with respect to the magnetization of the first
magnetic layer. At a temperature higher than T,, the first
magnetic layer is no longer magnetized to annulate the
exchange force, so that only the coercive force of the second
magnetic layer is measured. |

While the sample 18-1 starts the preliminary recording of
the first type from a temperature lower than T, by about 50°
C. and shows the inversion of magnetization of the first
magnetic layer due to a strong exchange force, the sample
18-2 starts said preliminary recording at a temperature lower
than T, by about 20° C. due to a weaker exchange force.

This difference results from a difference in the tempera-
ture-dependent coercive force of the second magnetic layer,
or in the compensation temperature. The value of (coercive
force—exchange force) of the first magnetic layer changes
from a large positive value to a negative value as the sample
temperature is increased. Therefore, if the value of (coercive
force—exchange force) of the second magnetic value is a
relatively large positive value at the temperature range of
preliminary recording of the first type, the first magnetic
layer receives a strong exchange force (value of (coercive
force—exchange force) being a large negative value) from
a relatively low temperature at the preliminary recording of
the first type, thereby orienting the magnetization into a
stable direction with respect to the magnetization of the
second magnetic layer.

In conclusion, it is concluded that the temperature depen-
dence of the coerctve force of the second magnetic layer and
the magnitude relationship between the compensation tem-
perature of the second magnetic layer and the Cune tem-
perature of the first magnetic layer are the factors determin-
ing the stability and sensitivity of the preliminary recording,
of first type. |
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However the coercive force H; of the second magnetic
layer is about 1 KOe in all the samples. In Tab. 10, “Ratio
of coercive force at T, to room temp.” indicates the coercive
force at the temperature T, of the first magnetic layer (ca.
130° C. in the present example) divided by the coercive
force at room temperature.

The threshold value for the recording of first type indi-
cates the laser power enabling the recording. |

The recording of first or second type was evaluated as “+”
if a satisfactory reproduction signal of a C/N ratio of about

40 dB could be obtained, as “+’ if the recorded signal could

be confirmed, and as “—" if recording was not made.

As shown in Tab. 10, the recording of first type could be
satisfactorily made only in the samples having the ratio of
cocrcive force at T, to that at room temperature is equal to
or larger than 0.5 (samples 17, 19-2 to 19-6), in which the
compensation temperature of the second magnetic layer 1s
higher than the Curie temperature of the first magnetic layer,
or the Curie temperature T, of the second magnetic layer is
higher than that in other samples (case of samples 19-2 and

19-3).

Similarly the recording of second type could be satisfac-
torily made in the samples having the Curie temperature 1,

of the second magnetic layer lower than 200° C. (samples

17, 19-4, 19-5 and 19-6).

Also a medium with T, <Ty,,,., €explained above can be
utilized in a recording process as shown in FIG. 20, in which
there are shown a first magnetic layer 2 and a second
magnetic layer 3. Various states of magnetization of said
layers are represented by 44a—44¢. In the recording process,
at a position different from the recording head, there 1s
applied a downward external magnetic field H, of a mag-
nitude enough for magnetizing the second magnetic layer of
a coercive force H, in one direction but insufficient for
inverting the magnetization of the first magnetic layer of a
coercive force H,,, and a downward bias magnetic field H,
for facilitating the recording in the second magnetic layer 1s
applied at the position of the recording head.

Prior to the explanation of the steps of said recording
process, there will be briefly explained the states 44a—44g
and the transitions therebetween.
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~ 44a and 44¢ indicate two different record states at room
- temperature. Heating with a laser beam causes a transitionin -~
" the order of 44b, 44¢ and 44d. 44b and 44f, or 44c and 44e

~ represent different states at a substantially same- temperature.

 An arrow <—> indicates ‘a reversible magnetizing process, -
‘while arrows <« and — indicate irreversible magnetizing

~ processes. The compensation temperature of the second
- magnetic layer-is positioned between 445 and 44c, or

osssam

~ between 44c and 44f. FIG. 20 shows a case in which the rare

earth lattice magnetizationi 18 prevailing 1n the first and
second magnetic layers. In such case, the state 44g in which

‘direction 18 stable, while the state 44a in which the magne-

- tizations are mutually oppositely directed is unstable, due'to .-
the mutual exchange efiect of the two layers, and an inter- -

15 jtis considerably d1ﬁeult to realize the state 44f in FIG. 20

~or 45b in FIG. 21 by the exchange force, against such large ~ .

- facial magnetic wall exists in said unstable state 44a. How-

- ever the coercive force of the second magnetic layer-has to
~ beso adjusted as that said unstable state can be maintained - -
‘even in ‘the absence of the magnetic field. In the room

| onented downwards by the extemal magnetle ﬁeld H

In the fellewmg there wﬂl be explamed the steps ef the

reeerdlng process.

When the temperature is ratsed frem the state 44a the .
coercive force of the first magnetic layer decreases while -,
- that of the second magnetic layer increases as shown in FIG.
22. As the magnetizations of two layers tend to be oriented

in a same direction by the exchange force, the magnetization

- of the first magnetic layer 1s.inverted downwards as shown

by 44b. If the temperature is lowered from this state, the 'm __

magnetization remains unchanged to reach the state 44g.

After the temperature is raised from the state 44g 1o reach

S 0

netization can be again obtained .by the -application ef
different laser powers In this. manner overwriting can be

: achteved
10 -

the magnetizations of the layers are mutually in a same . | ' Hg.

“The magrutude of the field HB s smaller than that of the

Spec1ﬁcally, if H,>H,., H, has to be‘considerably large, and

- 'ﬁeld H

25

the state 44b, the state 44g is re-gained even if the tempera-
ture is decreased. That i is, the state 44g¢ is raised from either

one of the state 44a and the state 44g by the application of
a laser power heatmg the magneuC layertoa temperature at

. which the state 44b is reached..

If the temperature is further ratsed from the state 44b to

ofthe . and a sputtering pressure of 5x107> Torr to obtain a second -~

a state 44¢ across the compensation temperature T,

camp

- second magnetic layer, the magnehaatmn thereof 1s revers-

ibly inverted. If the temperature is further elevated, the
- coercive force of the second magnetic layer is reduced, so
“ that the magnetization thereof is inverted by the bias field Hy,

as shown by 44d. If the temperature 18 lowered from th1$ |

40" tion, with a thickness of 800 2

© KOc and T,,,,=ca. 140°C. .~ o
Subsequently a SizN, pretectwe layer of 700 A in thlck- o

state, the magnetization remains unchanged, and the mag-. -

netization of the second magnetic layer is reversibly 1nverted 45
- same time the first magnetic layer starts (o show upwaId- |

magnetization due to the exchange force. The coercive force -

of the second magnetic layer becomes smaller when it is

cooled to room.temperature, and the magnetization. thereof

~ when erossmg the compensation temperature T,

comp*

is inverted by the external field H,. However, the first

- field H. but retains the record state. In this manner, by the

application of a laser power corresponding to the tempera- -
ture of 444, both states 44a and 44¢ arc transfermed to the >

state 44qa.

- Thus d1f

the application of different laser powers, and thlS is a
principle of overwriting. |

FI1G. 21 shows a case in which transmen metal sub latttce

50

magnetic. layer, because of the large coercive force thereof,
-does not show inversion of the magnetization by the external

55

erent states of magnetization can be obta:ined' by -

60 -
~magnetization is prevailing in the first magnettc Jayer, while --

rare earth sub-lattice magnetization is prevailing in the

~directed, .1s a stable state, and a state 45g, in which the ¢
magnetizations of both layers are mutually in a same direc-

tion, is an unstable state, due to the exchange eftect between

| EXAMPLEQO -

If Hy is larger than H,, the field Hj becomes : |
'unnecessary but the control of the compositions -and layer ..
- thicknesses of the medium becomes more difficult. More

 the twe layers and an mterfaetal magnetlc wall ex1sts in sald_ ST

: th_e apphcatlon ef a laser_ pe_wer correspendmg to the _tem-=

perature of a state 45b brings the states 454 and 45g tothe ., .

__ state 454, while the application of a laser power correspond- .~
“ing to the temperature of a state 454 brings the states 45aand =,

- 45g to the state 45g. Censequently, different states of mag- ..

- magnetic’ field.: Since -the - second magnetic layer has: ai.f?f:'_; o o
~ temper 440, 44g), the magnctization of the sec- . OMPeSHIon temperature as.explained before, the magne- .
~wmp ature state ( @ I8 ) th magnelz thIl h o tization of the second magnetic layerin the state 44fin FIG. .- =0 .

20 or 45f in FIG 21 is stabthzed against the ‘magnetic -

A pregroeved and prefennatted polycarbonate disk sub .

ness was formed by sputtering, in arlf/on gas, from the first |
target with a sputtenng speed of 100
-pressure of 5><10 Torr.

- After these layer formations, the above-mentioned sub-
strate was. adhered to a polycarbonate plate with hot-melt .- -
- adhesive material to-obtain a magnetooptical disk. Said = - -
‘magnetooptical disk was-set on a record/reproducing appa- - o e
- ratus, and the reeerdmg was conducted with a laser beamof .
2 wavelength of 830 nm, focused to.ca. 1.5 um and modu- .-
- lated in two levels of 2.7 and 5.5 mW, with a duty ratioof =~ * -
~ 50% and a frequency of 2 MHz, and with a linear speed of =~ -
“ca. 8 m/sec and under the _apph_eahen of a bias magnetic field =~
. of 200 Oe .and an external magnetic field of 2 KQe. . .
- Subsequently binary signals could be repreduced by irra- oo
diation with a laser.beam of 1 mW. - . |

- After the above-explained expenment recording was .
conducted on the same track with a same power and 2
frequency ‘of 3 MHz. The previously recorded signals were - -
not detected, and the p0331b111ty ef ever—wntmg was thus --

second magnetic layer. In such case a state 45a, in whichthe ;.conﬁrmed

magnetizations of beth layers are -mutually oppositely
- A magnetooptical disk was prepared in the same manner..
- as in the Example 20, except that, for the first magnetic = ..

 EXAMPLE2l

_' oas, from a thlrd target w1th a sputtermg speed of lOO Afrmn o

| magnetlc layer with prevailin -GdTb sub-lattice magnettza- -
TH—ea 220” C., HL—-ca 15

strate was set in a sputtering apparatus with ternary targets,
~ and was rotated at'a distance of 10 cm from the targets.

- ASi;N, pretectlve layerof 700 A in thickness was formed -

-_j_-_by sputtering, in argon: gas, from-a first target-with a~ - -

'sputtenng speed of 100 A/min. and a sputtering pressure of -
5x107> Torr. Then a TbFe alloy was sputtered, in argon gas, . =~

- from a second target with a sputtermg speed of 100 A/min. .~
‘and a sputtering pressure of 5x10~> Torr to obtain a ﬁrst-;-_- :
magnetic layer with prevailing Tb sub-lattic magnetization,
_w1th a thickness of 500 A, T,=ca. 130° C. and Hp=ca:5

min. and a sputtering v
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layer, a TbFe alloy was sputtered from the second target with
a sputtering speed of 100 A/min. and a sputtering pressure
of 5%10™> Torr to obtain a magnetic layer with prevailing Fe
sub-lattice magnetization, with a thickness of 500 A, T,=ca
125° C., and H,~=ca. 4 KOe, and said disk was evaluated in
the same manner. |

The evaluation clarified that the overwriting was possible
also.

(1) Case Ty, <)

The recording process is conducted in the following
manner:

(a) To the recording medium there is applied, at a position
different from the recording head, a magnetic field B enough
for magnetizing the second mangetic layer of a coercive
force H, in a direction but insufficient for inverting the
magnetization of the first magnetic layer of a coercive force
H,,.

(b) Then there is conducted, according to the input signal,
either the preliminary recording of first type in which a bias
magnetic field is applied by the recording head and a laser
power enough for heating the medium close to the compen-
sation temperature Ty, 18 simuitaneously applied,
thereby orienting the magnetzation of the first magnetic
layer in a stable direction with respect to the magnetization
of the second magnetic layer without varying said magne-
tization, or the preliminary recording of second type 1in
which a laser power enough for heating the medium close to

the higher of the Curie temperatures T,, T, of the first and
second magnetic layers is applied simultaneously with the
application of the bias magnetic field, thereby inverting the
‘magnetization of the second magnetic layer and simulta-
neously magnetizing the first magnetic layer in a stable
direction with respect to the magnetization of said second

magnetic layer.
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(c) Then the medium is so moved that the preliminarily °

recorded bit passes through the afore-mentioned magnetic
field B, whereby the bit formed by the preliminary recording
of first type does not change the direction of magnetization
in the first and second magnetic layers, while the bit formed
by the preliminary recording of second type does not change
the direction of magnetization of the first magnetic layer but
inverts the magnetization of the second magnetic layer in a
direction same as that of said magnetic field B.

In this case the Curie temperatures T,, T,, of the first and
second magnetic layers should satisfy a relation T; =T . On
the other hand, the condition for the recording of first type
is Hy—H,;, <0, and H,' should preferably decrease rapidly
at elevated temperature. Consequently, the compensation
temperature T,,,,, of the first magnetic layer should prefer-
ably be lower than room temperature. The relation of the
compensation temperature, Curie temperature and coercive
in these magnetic layers is shown in FIG. 23.

EXAMPLE 22

A pregrooved and preformatted polycarbonate disk sub-
strate was set in a sputtering apparatus with ternary targets,
and was rotated at a distance of 10 cm from the targets.

A ZnS protective layer of 1000 A in thickness was formed

by sputtering, in argon gas, from a first target with a
sputtering speed of 100 A/min. and a sputtering pressure of
5%107 Torr. Then a TbFe alloy was sputtered, in argon gas,
from a second target with a sputtering speed of 100 A/min.
and a sputtering pressure of 5x10~ Torr to obtain a first
magnetic layer of Tb,.Fes, with a thickness of 300 A,
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T,=ca. 130° C., a compensation temperature below room

~ temperature, and H,=ca. 10 KOe.

Then a TbFeCo alloy was sputtered, in argon gas, with a
sputtering pressure of 5x10™° Torr to obtain a second
magnetic layer of Th,-Fe.,Co,Cu,, with a thickness of 500
A, T,=ca. 210° C., H,=ca. 1 KOe and a compensation
temperature of 100° C.

Subsequently a ZnS protective layer of 1000 A in thick-
ness was formed by sputtering, in argon gas, from the first
target with a sputtering speed of 100 A/min. and a sputtering

‘pressure of 5x107° Torr.

After conforming these layers, the above-mentioned sub-
strate was adhered to a polycarbonate plate with hot-melt
adhesive material to obtain a magnetooptical disk.

Thus prepared was mounted on a record/reproducing
apparatus, and was made to pass through a unit generating
a magnetic field of 2.5 KOe with a linear speed of ca. 8
m/sec. The recording was then conducted with a laser beam
of a wavelength of 830 nm, concentrated to ca. 1 pm and
modulated in two levels of 4 and 8 mW with a duty ratio of
50% and a frequency of 2 MHz. The bias field was 100 Oe
in a direction to invert the magnetization of the second
magnetic layer. Binary signals could then be reproduced by
irradiation with a laser beam of 1.5 mW.

The above-explained experiment was repeated with a
sample disk recorded over the entire surface. The previously
recorded signal components were not detected 1n the repro-
duction, and the possibility of over-writing was confirmed 1n
this manner.

EXAMPLE 23

A sample of magnetooptical disk was prepared in the
same manner as in the Example 22, except that the first
magnetic layer was composed of Tb,gFe,,Co,,, having a

Curie temperature of ca. 220° C., a compensation tempera-
ture below room temperature, and a coercive force of ca. 10

KOQe.

EXAMPLE 24

A sample of magnetooptical disk was prepared in the
same manner as in the Example 22, except that the second
magnetic layer was composed of Tb,sFe,,Cog, having a
Curie temperature of ca. 210° C., a compensation tempera-
ture below room temperature, and a coercive force of ca. 1

KQe.

The samples of the Examples 22, 23 and 24 were sub-
jected to the test of recording and reprocution, according to
the process of the Example 22 and with varying recording
laser power. Tab. 11 summarizes the threshold values (where
C/N ratio is saturated) of the recordings of first and second
types, and the corresponding C/N ratios. "

TABLE 11

st type recording 2nd type recording

threshoid |

Sample threshold C/N C/N
Example 22 2 mW 46 dB 6 mW 46 dB
Example 23 2.5 mW 49 dB 7 mW 49 dB
Example 24 4.5 mW 35dB 6 mW 45 dB

Tab. 11 shows that the samples of the Examples 22 and 23
have higher sensitivities of the recording of first type and
larger C/N ratios compared to the sample of the Exampie 24.
These results reflect that the second magnetic layer has a



) cornpensatten temperature htgher than room temperature' .
- and increases the coercive force H, of the second magnetic

44

'ef 830 am, concentrated toca 1 um and rnedulated in twe'_'“’:}'

~ levels of 4 and 8 mW, with a duty ratio of 50% and a -

layer in the course of recording, whereb_y the second mag- =

takes place stably from

a low temperature

 netic layer is stabilized with respect to the magnetic field and .
the inversion of magnetization of the first magnettc layer

Also the comparison of the Examples 22 and 23 suggests .:

‘that the Example 23 shows an increased C/N ratio at the

| magnettc layer. .

Prdtecttve Layer

FIG. 24 is a schernattc cross-sectional view shewmg an 15

frequency of 500 KHz. The bias field was 100 Oe. Bmary o
-signals could then be reproduced by irradiation with-a laser- .. .
~ beam of 1.0 mW. - -

The above- explatned experiment was repeated with a~

magneteepucal disk recorded already over the entire Sur-. .

' faee The prevlously recorded 51gnal COmpenents were net%g___.'_f'_
reproduction; though the recording sensitivity is somewhat

embodiment of the magnetooptical recording medium of the =
present invention, wherein a protective layer 46 is provided
on the second magnette layer 3. Said protective layer 46 is -
preferably formed with -a thickness equal to or larger than

layer 47 is also preferably ferrned Wlth a th1ckness equal to o .' ) o

o or larger than 200 A, in order to obtain a continuous film.
25

The corrosion resistance of the medium can be. further

improved by adhering another substrate 49, as shown in ¢
~ FIG.- 26, onto the protective layer 46 by means of an  —
‘adhesive layer 48. Furthermore, recording and: repreducuon o

can be made from both sides if the layers 47 to 46 are formed o
o 30 ..

also on the. substrate 49

Said protective layer is. compused of a dense. nen—mag- o
netic material, usually an inorganic dielectric material, such . 9%
as SizN,, SiC, ZnS, AlN, SiO, Al,0;, Si or Ge. In the -
structures shown in FIGS. 25 and 26, the protective layers -~
erent materials, but are

| preferably formed with a same material in consideration of .
- the stability of the maguetre characteristics dunng sterage A

~ In FIGS. 24 to 26, same components as those in FIG.-3 are -

represented by same: numbers or syrnbels, and wrll not be -
40

46, 47 may be composed. of dif

| explatned further.

EXAMPLE 25

A pregrnoved and prefennatted glass disk substrate was o |
 setina sputtering apparatus. with ternary targets, and was .%5* -

rotated at a dtstance of 10 cm from the targets. -
A GdTbFeAl alley was sputtered in argon gas from a

200 A in order to form a continuous film. Also, as shown in 20

_FIG 25 a protectwe layer 47 may be provrded between the e

- ‘second target with a sputtering speed. of 100 A/min. and .a

- sputtering pressure of 5x107> Torr to obtain a first magnetic

~ layer of Gd,sTb.Fe ,Al, of a thrckenss of 210 A, T,=ca

~ 165° C. and H,~=ca. 10 KOe.

- Thena TbFeCeCr alloy was sputtered In argon gas Wlth -
. a Sputtermg pressure 510> Torr to obtain a second mag-

netic: layer of Th, Feﬁ.g,Ce]4Cr3 with a. threkness nf 500 /
- Ty=ca. 190° C. and H,=ca. 1 KQe.

| Subsequently a ZnS protective layer of 1500 A in thtck- .

| ', . netlc la}’er by means of the rnagnetddptlcal effect and 11 the L .'E ”
| presence of an external rnagnettc ﬁeld . e
 In the fellewmg there will be- explarned the relatlon oo
'exannned from the results. shown: in Tab 12, between the . o

-- H>0,/2Mp for the .

protective layer and the condition H
:‘---St&blllty of the record bit 4f shown.in FIG. 5.

The sample 26-—1 d1d not have a protecttve layer in centact_ -

- ness was formed by sputtering, in argon gas, from a first

target with a Sputtenng speed nf 100 Alrnrn and a sputtenng o

' “pressure of 5x107 Torr.

60 ¢ 5
- of the first and second magnetic layers can stably exist with =~ -

~ After these layer ferrnattens the above—rnenttened sub-

- strate was adhered to a polycarbonate plate with hot-melt. =

“adhesive material to obtain a magnetooptical disk. Said disk -

- was mounted on a record/reproducing apparatus; and was
“made to pass through, with a linear speed of ca. 5 m/sec., a
unit generating -a magnetic field of 2.5 KOe. Then the
recerdtng was cenducted wrth 3 laser beam of a wavelength o N

65

. Protect. layer -

. ﬁrrned

EXAMPLE 26

| o detected and the- pessrbtltty of over-wntlng was thus cnn—--gf- -
~ lost, because. of the . htgher Cune temperature of the first 10 ._ | :

Samples 26 1to 26 11 ef the structures shown in Tab 111 )

ppTABLEJQf -

paring a satnple eempesed of a ﬁrst magnettc layer and a

were prepared in the same manner as in the Example 25. In- -~
j"fTab 12, Mag (1) and Mag (2) indicate the first and second: -
magnetic layers prepared as explained in the Exatnple 25 v
and ' composed -respectively - of  Gd,Tb Fe.?gAl |
.TbZBFecht1 +Cr3 with same thicknesses and coercive forces e
- explamed befere Alse glass means a- glass disk substrate .

SMa

350

300

Protective
e layer- L
. 'Sa_rnple_. 'StrUCture o " thickness HL (Oe_)
26-1  glassMag(1yMag(2) — 1000 800
-26-2.  glass/Mag(1)Mag(2)/ ~ ZnS-100 A 1000 400
.- Protect. layer . -
- 26-3 glassMag(l)/l\dag(Z)I_, ZnS-200 1000, .
© Protect, Jayer-~ = o -
26-4 '-'ﬂlassMag(l)Mag(Z)z’, -~ ZnS-400 1000
... . Protect. layer - | o . -
~.26-5 - glassMag(l)Mag(Z)i . ZnS-1000..  ..10000 - 300...:
" Protect. layer . TR i R
o 26-6" glasslMag(l)Mag(Zl/-= 'S_i3N4__-2OQ_Z | 1000~ . 300
267 glassMag(l)Mag(?.)/ SiC-200- - - 1000-
... .. Proteet. layer... e e
| 268 glasyMag(1VMag@)  Si0-300 1000 3000
- .. Proteet. layer - - e
- 26-9. - gtass/Mag(t)Mag(z)/__ Si,N,-1000 - 1000 300" -
| - Protect. layer - I
_I..;...LZfi'—'"IO glass/Mag(1)Mag(2 )l* - SIC-1000. ... 1000
" Protect, layer . D
glass/Mag(1)Mag(2)/  Si0-1000 = 1000°

300 o : ;_:I

second magnetic layer on a substrate, in the same process as L |

s ] in the Exarnple 23, and deterrnrng the rnaguette ﬁeld -mdue— .-l.l..il;fii.il':,: S

Qe. Thts tndlcates that the Inutually eppesue magnetlzatlons--}{-;‘-f'"_' o

-a margin of 200 Oe in the absence of the external field. In.-

- practice, however, 1-5% of the magnetization of the seeend S
 magnetic layer is inverted. beeause inverted domains are -
'generated by a smaller ﬁeld | o

- The samples 26-2 to 26-5, havrng a ZnS protecnve layer

in- contaet wrth ‘the second magnetic layer, shdwed a
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decrease in ¢, /2Mh with the increase in thickness of said

protective layer. At a thickness of ZnS layer between 100
and 200 A, 6,/2M.h reaches a substantially constant value
same as that at a ZnS thickness of 1000 A, providing a
margin of ca. 700 Oe¢. These samples did not show the
above-mentioned inversion of magnetization of the second
magnetic layer in the absence of the external field, and were
therefore stable.

Electron microscope observation of the samples proved
that the protective layer was transformed irom an island
structure to a continuous film at a thickness of 100-200 A.
It is estimated that the protective layer generates a compres-
sion stress in the second magnetic layer, thus inducing a
change in ¢, /2M h. |

In the samples 26-2 to 26-11 investigated was the effect of
material constituting the protective layer formed in contact
with the second magnetic layer. it was confirmed that a
protective layer composed of Si;N,, S1C or 510 had an effect
of reducing ¢, /2M_h, or of stabilizing the record bit.

When the samples 26-2 to 26-11 were maintained in an
atmosphere of a temperature 45° C. and a humidity of 65%
for 3 days, the sample 26-2 with the protective layer of 100
A showed an increase of ©,/2M.h by about 30%, other

samples showed decreases less than 10%.

EXAMPLE 27

A progrooved and preformatted polycarbonate disk sub-
strate was set in a sputtering apparatus, with ternary targets,
and was rotated at a distance of 10 cm from the targets.

A Si protective layer of 500 A in thickness was formed by
sputiering, in argon gas, from a first target with a sputtering
speed of 100 A/min and a sputtering pressure of 5%10~ Torr.

Then a GdTbFeCo alloy was sputtered, in argon gas, from
a second target with a sputtering speed of 100 A/min. and a
sputtering pressure of 5x10™ Torr to obtain a first magnetic
layer of Gd,,Tb, ,Fe.Co, with a thickness of 190 A, T,=ca.
160° C. and H,=ca. 12 KOQOe.

Sample Structure
28-1 PC/Prot. Layer(1)/
Mag(1)/Mag(2)
PC/Prot. Layer(1)/
Mag(1)/Mag(2)
PC/Prot. Layer(1)/
Mag(1)/Mag(2)/
Prot. Layer(2)
PC/Prot. Layer(l)/
Mag(1)/Mag(2)
Prot. Layer(2)

28-2

28-3

28-4

28-5
Mag(1)/Mag(2)/
Prot. Layer(2)
PC/Prot. Layer(1)/
Mag(1)/Mag(2)/
Prot. Layer(2)
PC/Prot. Layer(1)/
Mag(1)/Mag(2)/
Prot. Layer(2)
PC/Prot. Layer(1)/
Mag(1)/Mag(2)/
Prot. Layer(2)
PC/Prot. Layer(l)/
Mag(1)/Mag(2)/
Prot. Layer(2)
PC/Prot. Layer(1)/
Mag(1)/Mag(2)/

- 28-6
28-7
28-8
28-9

78-10

PC/Prot. Layer(1)/
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Then a TbDyFeCo alloy was sputtered, in argon gas, with
a sputtering pressure of 5x10™ Torr to obtain a second

magnetic layer of Tb,,Dy,,Fe.,Co,, of a thickness of 500
A, T,=ca. 185° C. and H,=ca. 1 KOe.

Then a Si protective layer of 1000 A in thickness was
formed by sputtering, in argon gas, from the first target with

a sputtering speed of 100 A/min. and a sputtering pressure
of 5x10 Torr.

After these layer formations, the above-mentioned sub-
strate was adhered to a polycarbonate plate with hot-melt
adhesive material to botain a magnetooptical disk. Said disk
was mounted on a record/reproducing apparatus and was
made to pass through, with a linear speed of ca. 8 m/sec.,a
unit generating a magnetic field of 2.5 KOe. The recording
operation was then conducted with a laser beam of a
wavelength of 830 nm, concentrated to ca. 1 ym and
modulated at two levels of 4 and 8 mW with a duty ratio of
50% and a frequency of 2 MHz. The bias field was 100 Oe
in a direction to facilitate the inversion of magnetization of
the second magnetic layer. Then binary signals could be
reproduced by irradiation with a laser beam of 1.5 mW.

The above-explained experiment was repeated with a
magnetooptical disk already recorded over the entire sur-
face. The previously recorded signal components were not
detected in the reproduction, so that the possibility of
overwriting was confirmed.

EXAMPLE 28

Samples 28-1 to 28-16 were prepared in the same manner
as in the Example 27, as shown in Tab. 13. The first magnetic
layer (Mag (1)) and the second magnetic layer (Mag(2))
were respectively composed of Gd;yIb,cFe,sCo, and
Tb,,Dy,,Fe.,Co,, of the same thicknesses and coercive
forces as 1n the Example 27. PC indicates a polycarbonate
substrate. |

Tab. 13 shows the values of H; and 6, /2M h measured on
said samples.

TABLE 13

Prot. layer(1)  Prot. layer(2) :
material/ material/ 0, /2M.h  &,/2ZM.h (Oe)
thickness(A)  thickness(A) H, (Oe) (Oe) after storage
ZnS/150 — 1200 1000 —
ZnS/1000 — 1000 800 —
ZnS/800 ZnS/100 1000 400 —
ZnS/800 ZnS/200 1000 350 700
ZnS/800 ZnS/400 1000 300 300
ZnS/800 - ZnS/800 1000 300 300
Si0/800 $10/800 1000 300 300
Si0/800 Si0/800 1000 300 450
Si.N,/800 Si,N,/800 1000 300 300
SiC/800 SiC/800 1000 300 300
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o 'TABLE 13.;¢d'ﬁtinuéd5

o matena],( e

Pret 1ayer(2)
ﬂuckness_(ﬁ) | '.

Hr (0‘3)

: 48 | :_.

5 /ZM h 5 IZM h (Oe)

(Oe) after sturage e

28-11 PC/Prot. Layer(1)} -~ ZaS/800

" Mag(l)ﬂVIag(Z)/ ----- PR

- "Prot. Layer(2) - T

- 28-12 PC/Prot. Layer(1)/.  ZnS/800
S0 Mag(L)Mag)/ -

.. 28-13. PC/Prot. Layer(1) .. - ZnS/800 -
- Mag(1)Mag2y/ ... ...
- Prot. Layer(2) -
28-14 PC/Prot. Layer(1)f -~ -

- -Mag(l)Mag(Z)/

. Prot. Layer(2) ... - .

PC/Prot. Layer(l)!

'_ sﬂam |
Siaﬁ4/800 ~ ZnS/800. | _S

2815 Si,N,/800 SiC/800 .

 Mag(1)Mag(2)/ .
Prot. Layer(2) - -~
PC/Prot. Layer(l)/'f ,-
| '.._.Mag(l)/Mau(z)f
- Prot, Layer(2) .

o 23?15 Sr3N4/800. - Si-QfS’(}O

1000 :

300

300 40

_30ngf; 450 L
300_'-'  ;:5ab}Mf“
0 - 200

_3065L'”'1i5a450_ff .

‘The values of H, and ©,/2M,h were measured by pre- -
- paring a sample, composed of a first magnetic layer and a:

seeendmagneti"c layer on a substrate, formed in the same ~ into the magnetic layers.

In the sarrlple 28-—7 the Sputtermg pressure for SrO was N

manner as in the Example 27, and determining the magnetic
field inducing the inversion of magnetization of the second

- magnetic layer, by means of the magnetooptical effect, inthe - -
' 30

presence of an external magnetic field.

The value of O'W/ZM h after storage was obtamed by -

placing the samples 28-1 to 28-16 in- an atmosphere of a
temperature of 60° C. and a relative humidity of 80% tor 500 -
~hours. No results are shown for the samples 28-1 to 28-3,as

~ the measurement was not possible by the deterioration of the
N magnetlc characteristic of the second magnetic layer.

In the fellewmg there. wﬂl be explained the relatmn
 examined from the results shpwn in Tab.

- protective layers provided on both sides of the first and

35

13, between the

~second magnetic layers, and the cendluon H L:’GWIZZM h fer 49

o the stabrlrty of the record blt ..4?—;.:.ishewn in FIG. 5

o eon,tact. _wrthq the seeend___ magnerlc layer a_nd H —G'W/ZMSh—-

200 Oe. This signifies that the mutually unstable arrange-

- ment -of magnetizations of - the first and -second- magnetlc

45

layers can stably exist with a margin of 200 Oe, in the

absence of the external field. In practice, _however_ 1-5% of
the magnetization of the second magnetic layer is inverted

because. inverted domains are generated by a smaller field.

The samples 28-3 to 28-6, having ZnS protective layers in.

contact with the first and second magnetic layers, showed a

50 All the samples showed a value of 5,/2M h of ca. 300 Oe

~ immediately after the preparation. Thus the recording is
made stabler compared te the case. w1thput the PfOtectwe, o

decrease in 6,,/2M;h with the increase in the thickness of ]
- layers..

said protective layers. At a thickness of ZnS layers above ca.
200 A, 0,/2M h reaches a substantially constant value,

33

providing a margin of ca. 700 Oe. These samples did not -

show the above-mentioned inversion of magnetization of the -
-second magnetic layer in the absence of the external ﬁeld |

and the record bits were therefore stable.
Electron nucrescope observation of the samples proved

sures therefor were kept constant at 5x10™ Torr.

i cr,,,/zMsh

60

that the protective layer was transformed from an island -

structure to a continuous filni at a thlckness of 100=200 A.

It is estimated that the protective layer generates a compres-

sion stress in the second magnetic layer, thus mducmg a -

change in 6,,/2M h. -

65
-~ In the samples 28-7 to 28- 16 the protective layers were
ﬁxed to a thlckness of 800 A at whlch the eﬂ'eet on O'W/ZM h 7

- The ZnS SrC or SI3N sputtered layer of 5000 A 1n
thlckness ‘when' subjected to the measurement of stress. in-
- the same manner as the SiO. layer__.showed a compression..
“stress of ca 50, 80.or 90 kg/mm* respectively. When stored:
for 500 hours at 60° C. and 80% relative humidity, these- -
‘samples showed an increasein the-stress, which was as h1gh,_f e
as ca. 20 to 30% in SiC and'Si;N,. | - |

| These results indicate that the stabrhty of record blts 1s'§;:- --
related te the stress ef the protectwe layers Partwularly 111;--_.'::2.. R

for the s_ecend layer only The_ sampl_e 28 7isacase in whleh L
- the protective layers have a same stress, while the sample . .-
28-8 1s a case 1n whlch the pretectlve layers have mutually S
- different stresses. TR

- Asa referenee the magrutude of stress was. ‘measured onf:: |
samples for stress measurement, prepared by forming 2 S10
o -.layer of ca. 5000 A by sputtering on a glass substrate of 1.5..
mm in thlckness The layer formed with a sputtenng pres~

~ sure of 3x10™ Torr provided a compression stress of ¢ ca 70
kg/mm?®, while that formed with a pressure of 8><10 Terr .

B provrded a eempressmn stress Uf ca. 15 kg/mm

o ca. 30;.0 Oe ir medlately after the preparatlen HQwever after |
" astorage of 500 hours at 60° C. and 80% relative hurmdlty,}-- o
- the sample 28-8 with.two SiO layers of different compres-- - -
‘sion stresses showed an increase in ©,,/2M_h, rendering the
record bits more unstable. o

- The samples 28-9 to 28-16 were: prepared w1th various f
- materials for the protective layers, but the sputtermg pres- .o

However, after storage for 500 heurs at 60° C. and 80%
_ relative humidity, the samples in which two protective layers o
are composed of dlﬁerent matenals showed a change in .;_ i

18 'alre'ad}? saturated and which provides a sufficient protec- ~ **
25

~tive effect for example for preventing the entry of moisture g
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consideration of prolonged storage, the balance of stresses of

the protective layers should remain unchanged, and, for this
purpose it is effective to prepare both protective layers with
a same material, and with same manufacturing conditions
such as the sputtering pressure.

Triple-Layered Structure

The magnetooptical recording medium of the present
invention may have a triple-layered structure, by adding a
magnetic layer to the above-explained two-layered structure.
Such triple-layered structure will be explained further in the
following.

FIGS. 27 and 28 are schematic cross-sectional views of
embodiments of the magnetooptical recording medium of
the present invention. The medium shown in FIG. 27 1s
composed of a pregrooved translucent substrate 31, and, a
first magnetic layer 82, a second magnetic layer 83 and a
third magnetic layer 54 laminated thereon. The first mag-
netic layer 52 has a high Curie point (T,,) and a low
coercive force (H, ,), while the second magnetic layer has a
low Curie point (T,,) and a high coercive force (H,,,), and
the third magnetic layer 54 has a high Curie point (T,,,) and
a low coercive force (H, ;). The terms “high” and “low™ are

defined by relative comparison between the first and third

agnetic layers and the second magnetic layer, the com-
parison of coercive force being at room temperature.

Relation of magnitude of the Curie point or the coercive

is not critically defined between the first and the third

magnetic layers, but preferred relations are T, 2T, and
H,,2H;..

It is generally desirable that the first magnetic layer 52 has
T,,; of 150°-400° C. and H,, of 0.1-1 KOe, the second
magnetic layer 83 has T,, of 70°-200° C. and H, of 2-10
KOe, and the third magnetic layer 54 has T,,; of 100°-250°
C. and H,; of 0.5-4 KOe.

In the magnetooptical recording medium of the present
invention, the neighboring magnetic layers are coupled by
exchange force. The first and second magnetic layers are
relatively strongly coupled, while the second and third are
relatively weakly coupled. |

In the magnetooptical recording medium of the present
invention, the above-mentioned three magnetic layers are so

coupled as to satisfy following relations:
Gwl2 &)
M > L
Gw23 (10)
Mot <
wherein:

.., magnetic wall energy of first and second magnetic
layers 52, 533;

O,4. Magnetic wall energy of second and third magnetic
layers 53, 54,

h,, h,, ha: thicknesses of first, second and third magnetic
layers 52, 53, 54;

M,,, M,,, M_;: saturation magnetizations of first, second
and third magnetic layers.

The reason of these relations will be explained later.

The thickness, coercive force, saturation magnetization
and magnetic wall energy of said magnetic layers 52, 53, 54
are so selected that the two states of magnetization (shown
by 60f in FIG. 29) of the finally recorded bits can exist in
stable manner, or that the above-mentioned relations are
satisfied. |

10

50

Each magnetic layer can be composed of a substance
exhibiting a vertical magnetic anisotropy and a magnetoop-
tical effect, preferably an amorphous magnetic alloy of a rare
carth element and a transition metal element such as GdCo,
GdFe, TbFe, DyFe, GdTbFe, TbDyFe, GdFeCo, TbFeCo or
GdTbCo.

FI1G. 28 shows another embodiment of the magnetooptical
disk of the present invention, in which protective layers 335,
56 are provided for improving the durability or enhancing
the magnetooptical effect of the three magnetic layers 52, 33,
54. | |

An adhesive layer 57 is provided for adhering another
covering substrate 58. Also recording and reproduction can

- be made from both sides if the covering substrate S8 with the
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layers from 53 to 56.

Now reference is made to FIGS. 29 and 30 for explaining
the recording process of the present embodiment, wherein,
prior to the recording, the magnetization of the magnetic
layer 52 and that of the magnetic layer 83 may be in a
mutually parallel stable state, or in a mutually opposite
(antiparallel) stable state. |

The aforementioned apparatus shown in FIG. 6 can also
be employed in the recording and reproduction of informa-
tion to or from the magnetooptical recording medium of the
present embodiment. It is assumed that a part of the mag-
netic layers has an initial magnetization as shown by 60a in
FIG. 29. More specifically it is assumed, in this case, that the
magnetizations of the first, second and third magnetic layers
are stable, prior to recording, when they are oriented in a

same direction. The magnetooptical disk 9, being rotated by

a spindle motor, passes the position of a magnetic field
generating unit 8 shown in FIG. 6, generating a magnetic
field of which intensity is selected at a suitable level between
the coercive forces of the second and third magnetic layers
53, 54 (magnetic field being upwards in the present embodi-
ment), whereby, as shown by 604 in FIG. 29, the third

- magnetic layer 54 is uniformly magnetized while the second
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magnetic layer 53 retains the initial magnetization state.
Also the first magnetic layer 52, strongly coupled with the
second magnetic layer, retains the initial magnetization.

The rotated magnetooptical disk 9, in passing the position
of a record/reproducing head 5, is irradiated by a laser beam
with one of two power levels according to the signal from a
recording signal generator 6. The first laser power is suffl-
cient to heat the disk to a temperature close to the Curie point
of the second magnetic layer 83, while the second laser
power is enough for heating the disk to a temperature close
to the Curie point of the third magnetic layer 54. Refernng
to FIG. 30 showing the temperature dependence of the
coercive forces of the magnetic layers 53, 54, the first laser
power can heat the disk close to T, ,, while the second laser
power can heat the disk close t0 T .

The first laser power heats the second and third magnetic
layers 53, 54 close to the Curie point of the second magnetic
layer 53, but the third magnetic layer 54 has a coercive force
capable of stably maintaining the bit at this temperature.
Thus, through a suitable selection of the recording bias
magnetic field, a record bit shown by 60c in FIG. 29 can be
obtained, as a preliminary recording of first type, from either
state in 60b. The first magnetic layer 352 assumes the
illustrated magnetization by the exchange coupling with the
second magnetic layer 53.

The suitable selection of the bias magnetic field has the
following meaning.

In said preliminary recording of first type, such bias
magnetic field is essentially unnecessary, since the second
magnetic layer 53 receives a force (exchange force) to orient



B explatned later ina dtrectlon to assist thc magnettc- inversion -
of the third magnetic layer 54. Also said bias magnetic field -

" the magnetization in a stable direction (same direction in this . 2;
: case) w1th respect to. the dlrectlon of rnagnetlzatton of thei -

".15 00 strong In the preparatton of the magnetooptwal'-f;;;'}?55'7?’3_7:;::-ff______
- recordmg ‘medium of-the present invention; therefore, it is- =~

should preferably have a same magnitude and a same -

magnetic field. Also the magnetizations of the second .and

| lnput 51gnal | --
Then the magnetooptrcal d1sk 9 1s further rotated SO that -

- the record bit 60c or 60d passes again through the magnetic
" field generating unit 8, of which field intensity is seiected, as

~(same direction in this case) with respect to the magnetiza- -
~ tion of the third rnagnetle layer 54. In this manner a record-

bit as shown by 60b; in FIG. 29, can be from either state 60b.
‘Thus each area of the magnetooptical disk can have a

direction in the preliminary recording with both first laser
- power and second laser power. In consideration of the &
"foregoing, the bias magnetic field is preferably selecied at a
 minimum necessary -intensity required for the preliminary .
recording with the second laser power of thc prmc1p1c;_ o
- explained below. - |
- When the disk is heated close to the Cune pomt of the
‘third magnetic layer by a second laser power (preliminary.
~ recording of second type), the magnetization of said third 1>
 magnetic layer 54 is inverted by the above-mentioned bias .

~ first magnetic layers 53, 52 are oriented in a stable direction .

_to gas or plasma.reactive to the

the above menttoned condmon cannot be satlsﬁed and the ..

possible to optimize said exchange-coupling, by selecting L

field generating unit, .and, if said eéxchange .coupling is -

excesswely large, by su1tably selecting the composition of
~the third magneticlayer or by forming an intermediate layer 2
- of several to several thousands of Angstroms in thlckness--;‘_';jjj*_f -

- the coercive- foree.of the -third magnetic layer 54 at-a —_—
relatively ‘large value within a range not exceeding - the . o

- intensity of. the magnetic. field generated by the magnetmi
10

2 .

between the second and third magnetic layers (by exposing. A

:an overwntlng operatlon since the record bits 60e, 60f.do .

not rely on the state prior to recordmg but solely on the Jaser- el
‘power at the recording. The record bits 60e, 60f can be

- . reproduced by 1rrad1atlon wrth a reproducmg laser beam and.ﬁ. o
| record state 60c or 60d shown in FIG 29 by the btas ﬁeld,= o =

naterial of the second gobe
magnetic layer after sputtering-thereof or by sputtering a -~ .
dielectric layer from a target). L et
- The recording process of the present embodiment enables.

7 shown in FIG 6 Thc magmtude (modulatron) of the':" R

25

explained before, between the coercive forces of the second

. ~and third magnetic-layers 53, 54. Thus the record bit 60c 30
~ remains unchanged and assumes a state 60e. On the other

~ hand, the record. bit 604 causes the inversion of magnetiza-

tion of the third magnetic layer 54 to assume a state 60f -

Gwlﬂ |
2M51h1

>Hpp and |

UwZ?r S

for the followmg reasons. o

I ng{_ZM h, indicates : the magnitude of the exchange;};ﬁ:,._

. force received by the. first magnetic layer, gr.représents the. o7 o0
| 45 o

- magnitude of a magnetic field acting to orient the magneti-

. 3'-_'5,;

40

reproduced signal principally depends on the magnetoopti--
cal effect of the first magnetic layer. This recording process =
‘can provide a recording with a reproduction signal of ahigh
- magnitude or a high degree of modulation because of the = " -

above-mentioned fact,-and a fact that, in the medium of the -

present invention having 1

~In the foregoing descmptron relating to FIG 29; it 1s

- .respectively correspond to the states 60a—60fin FIG. 29, and. -
- the recordmg 1S conducted ina sunllar manner as shown 1n; -

zation of the first magnetic layer in a stable direction (same . -
direction in the present case) with respect to the magneti-

the magnetization .of the first magnetic layer i1s always

oriented in a stable direction (same direction in the present

- 2M;h >H, ;. |
Also, ©,,4/2M;h; 1ndlcates ‘the -magnitude of the

- represents the magnitude of a magnetic field actlng to orient
the magnetization of the third magnetic layer in a stable

~ the magnetization of the second magnetic layer. In order that

exchange force received by the third magnetic layer, or

 case) with respect to the magnetization of the second mag--
~ netic layer, the coercive force H,, of the first magnetic layer
should be smaller than said exhange force, or o,/

direction (same direction in the present case) with respect to

50

55

60

the magnetization of the third magnetic layer is not inveried -

by said magnetic field, or in order that the record 60f, in F1G.
- 29, can stably exist, there should be satisfied a condition
O,,73/2M ;h,<H, ;. wherein H, I3 18 the coercive force of the

third magnettc layer

......
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exchange coupled mn order to obtarn an eﬂ"ectwe blas_magn :

_FIG 29

S EXAMPLE 29

as sumed that the rnagnettzauons of the ﬁrst second and thlrd_;f o

o .onented FIGS 3...1 and 32 111ustrate states of ruagneuzatton..ﬁ:_ e
“in such recording' process, wherein 61a—61f and 62a—62f

three: magnetic layers, a material® -
‘with a high Curie point, or with a_strong magnetooptical. . s
eﬁect can be used for the first magnetlc laycr 52 rccemng
o _'the reproduemg laser beam. R

In order that the record bit 60f can exrst stably, there are o

requued thc aforementtoned relatlons

A pregrooved and preformatted POlycaI'bonate disk sub- ".if_.:i:;'l--ifff o

J | - o - strate was set in a sputtering apparatus with quaternary -
zation of the second magnetic layer. Therefore, in order that P & 4pp q ary -

targets, and was: rotated at a dtstance of 10 cm from the ~

targets..

| A ZnS protecttve layer of 800 A in thickness was formed O -

by sputtering, in argon ‘gas, from a first target with a = '

. sputtenng speed of 100 A/min. and a sputtering pressure of - R
| 5><10 Torr. |

' Then: a GdFeCo alloy was sputtered, in argon gas froma ..
second target with a 5putter1ng speed of 100 A/min. and a
- sputtering pressure: of 5107 Torr to obtain a first mafneue AL

layer of Gd, Fes.Co,, with a thickness of 400 B
- Tyy=ca. 350° C. Hy,-of said first. magnetic.layer itself was . .-
‘lower than ca. 500 Oe, and the transition metal was prevaﬂ-;:i"y

rng in the sub-lattice magnetization.

| ‘Then a TbFe alloy was sputtered. froma thrrd target under{----;?_-;__ - |
,sumlar conditions to obtain a second magnetic layer of i

Tb, Fe,; with a thickness of 400 A and T, ,=ca. 140° C. H,,,

and .

of said second magnetic layer itself was above ca. 5000 Oe
‘and the transition metal was prevailing 111 the aub—lattlce-"f--
magnenzatlon . o
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Then a GdTbFeCo alloy was sputtered from a fourth

target under similar conditions to obtain a third magnetic
layer of Gd,,Tb,,;Fe., sCo, 5 with a thickness of 300 A and
T,s=ca. 210° C. H,; of said third magnetic layer itself was

34

wherein T,, T, and T; are the Curie points respectively of
the first, second and third magnetic layers 52, §3, 54, and H,,
H, and H, are the coercive forces respectively of said
magnetic layers.

ca. 500-1500 Oe, and the rare earth metal was prevailingin 5  In general, the first magnetic layer 52 has T, 1n a range
the sub-lattice magnetizaﬁon_ ‘ from 70° to 200° C. and Hl n a range from 2 to 10 KOe,
Subsequently a ZnS protective layer of 2000 A in thick- while the second magnetic layer 53 has T, from 90° to 400"
ness was formed by sputtering from the first target. C. and H, from 0.1 to 1 KOe, and the third magnetic layer
| . ) 54 has T, from 150° to 400° C. and H; from 0.5 to 4 KOe.
After these layer formations, the above mentioned sub- . . :
. 10 In such case, in order to achieve stable recording, the layer
strate was adhered to a polycarbonate plate with hot-melt : : N :
. . . : : . thicknesses, saturation magnetizations and magnetic wall
adhesive material to obtain a magnetooptical disk. Said disk : :
| . energies should preferably be so regulated as to substantially
was mounted on a record/reproducing apparatus, and was satisfy following relations:
made to pass through, with a linear speed of ca. 7 m/min., LY | '
a unit generating a magnetic field of 2 KOe. Recording was Gwio | (13)
then conducted with a laser beam of a wavelength of 830 15 M <
nm, concentrated to ca. 1 um and modulated in two levels of | "
4 and 8 mW, with a duty ratio of 50% and a frequency of 2 2:"21 < Hy (19
MHz. The bias field was 150 Oe. Binary signals could be I
then reproduced by irradiation with a laser beam of 1 mW. 0 w2 _Owns (15)
Also recording test was made in the same method as in the IMahy  2Mnh; _
Example 29, and the state of record of 4 and 8 mW was wherein o.,,, is the magnetic wall energy of the first and
evaluated, as shown in Tab. 14. second magnetic layers; 0,5 18 the magnetic wall energy of
TABLE 14
| Recording
- Composition _ bit
Ist mag. layer 2nd mag. layer 3rd mag. layer ___stability Record state
Sample rich in rich in rich in 60e 60f 4mW 8 mW
Ex. 29 trans. metal  trans. metal rare earth + + + +
30-1 rare earth rare earth trans. metal - + + + +
30-2 trans. metal trans. metal ~ trans. metal -+ - - +
30-3 trans. metal rare earth rare earth + - - +
30-4 rare earth frans. metal trans. metal + - — +
30-5 rare earth rare earth rare earth + - — s
30-6 rare earth trans. metal rare earth * + & +
30-7 trans. metal rare earth trans. metal * + T +
40 |
The stability of record bits is represented by "+’ or “-" the second and third magnetic layers; h,, h, and h, are the
respectively if the state 60e or 60f can stably exist or not in thicknesses of the first, second and third magnetic layers;
the absence of the external magnetic field. and M,, M, and M, are the saturation magnetizations of
The record state was evaluated as “~" if the reproduction sa1d la)_fers. . .. . .
_ -P 45 The information recording is conducted in the following
signal (E?lﬂd not be conﬁ@ed fl:OIIl the record with 4 mW or manner, with the apparatus shown in FIG. 6. |
8 mW, “£” if the reproduction signal could be confirmed but It is assumed, prior to the recording, that the magnetiza-
not satisfactory, and ‘“+” if a satisfactory reproduction signal tions of the first magnetic layer 52 and of the second
of C/N ratio of about 40 dB or higher could be obtained. magnetic layer 53 are in a mutually opposite (antiparallel)
The results in Tab. 14 indicates that, for achieving satis- stable state, while the magnetizations of the second and third
factory recording with stable record bits, the first and second ina_glztm layers sg’tg 4t are 1;113 I?‘E[lliuany par?_llell stable_ state.
magnetic layers should preferably be rich simultaneously in L 15 aiso assumed that d p ?3_ 6% m.ag%t;éc 333yers 151 a
he transition metal (transition metal prevailing in the sub- state of magnetization sl}own y 3oa 10 . :
t _ o _ | P 5 The magnetooptical disk 9, being rotated by the spindle
lattice magnetization) or in the rare earth element (rare earth motor as shown in FIG. 6, passes through the position of the
element prevailing in the sub-latu‘c:'e magnetization) com- 55 magnetic field generating unit 8, generating a magnetic field,
pared to the compensation composition, and the third mag- which is upwards in the present case and of which intensity
netic layer should preferably prevailing element opposite to  is adjusted to a value between the coercive forces of the first
that in the first and second magnetic layers, as in the samples and second magnetic layers 52, 53, whereby the second and
29 and 30-1. third magnetic layers 53, 54 are uniformly magnetized but
In another embodiment of the triple-layered magnetoop- ©° theiﬁrs‘t magnetic layer 32 retains the initial state of mag-
tical recording medium of the structure shown in FIGS. 27 netization, as shown by 63b in FIG. 33. | |
and 28, there may be adopted relations: Then the magnetooptical disk 9 is rotated, and, in passing
’ the record/reproducing head 5, is irradiated by a laser beam
with one of two power levels, according to a signal from the
(11) 65 recording signal generator 6. The first laser power 1s enough

H,>H.>H,

T.ZT,>T, (12)

for heating the disk to a temperature close to the Curie point
of the first magnetic layer (a temperature close to T; and



o allowmg to orient the magnetization of the first- magnetic
~ layer in a stable direction with respect to the magnetizations

- of the second and third magnetic layers), while the second
laser power is enough for heating the disk to a temperature.
close to the Curie points of the second and third magnetic.

~layers (a temperature close to T, and T, and allowing to

. magnetic layers). Referring to FIG. 34 showing- the tem- |

perature dependence of the coercive forces of the magnetic - -

layers 52, 54, the first laser power can elevate the tempera-

elevatc the temperature of the disk. closa to T .

~layer 52, but the third magnetic layer 54 has a coercive force
- allowing to stably maintain the record bit at this temperature.

ture of the disk close to T, while the second laser power can. -10.

15 exchange force of a magnitude 6,,;,/2M,,h, and of a dlrec—ﬁ;[i-=* s

“Thus, th_r_ough a suitable selection of the bias magnetic field,

a record bit as shown by 63c¢ in FIG. 33 can be formed, as

a preliminary recording of first type, from either state of

magnetization shown by 63b. The magnetization of the Y2

“second magnetic layer, having a.stronger exchange force

~with the third magnetic layer than with the first magnetic -

- layer, becomes always parallel with the magnetlzatmn of the“"

- third magnetic layer, as illustrated.”
The suitable selection of- the bias magnetlc ﬁeld has the
- following meaning. | -

In said prelmunary recordmg of ﬁrst type, the blas mag- .
netic field 1s essentially unnecessary because the first mag-
netic layer 52 receives an exchange force to orient the
‘magnetization thereof in a stable (oppesite or antiparallel in -

the present case) direction with respect to the magnetization
~of the third magnetic layer 54. However the bias magnetic

20

- 25

30

field 1s provided for the preliminary 'recor’diﬁg ‘with the
~second laser power to be explained later, in a direction to -

- assist the mversion of magnetization of the third magnetic:
layer 54, or a direction to hinder the preliminary recording.

- of first type. It is convenient that said bias magpetic field is
- . maintained in a same intensity and in a same direction, both -
in the -preliminary recording of first and second types. In-
consideration of these conditions; the bias magnetic field.

~should preferably be maintained at a minimum.necessary

~level for the preliminary recording of second type to be
explained in the following, and such bias ﬁeld'(:orres-ponds-- B
~ to the above-mentioned suitable selection. -

35
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When the disk is heated close to the Curie point of the-

 third magnetic layer 54 by the second laser power for the

45

- preliminary recording of second type, the magnetizations of

the third and second magnetic layers 54, 53 are inverted by transition metal for the other of said layers; and -

.the blas magneuc ﬁeld selected as explamed above Subse-

“also enented 1_11.. a St&blﬂ (apposne or anu_p.arallel in the'f

50..

- present case) direction with respect to the magnetization of

- the third magnetic layer 54. In this manner a preliminary
. recording bit as shown by 63d in FIG. 33 can be formed
~ from either state of magnetization shown by 63b. -
- In this manner each area of the magnetooptical dlSk can
- form a preliminary record of the state 63c of 634 as shown
- in FIG. 33, by means of the bias magnetic field and the laser
. power of first or second level according to the input signal..

~ Then the magnetooptical -disk 9 is further rotated and
passes again the position of the magnetic field generatlng

S5 -

In orde:r that the ‘record- bit 63f can stably eXist, the."__::j_"';_

because of the following reasons.

0,,1o/2M_;h, indicates the magmtude of the exchange"_;_.‘g N
force received by the first. magneﬂc layer, or represents the -+ -
- magnitude of a magnetic field acting to rearrange the mag- -
uniformly invert the magnetizations of the second and third o

.aforementloned conditions (13) to (15) should be sausﬁed N

nehzatlon of the ﬁrst magnetlc layer in a stable (opposne orl---;;; -

__'_'magnetlzatmn of the secrmd magneﬂc layer Therefore, 1111;:_5 -

order that the first magnetic layer can retain its magneuza-’:‘*} .

tion unchanged against said magnetic field, said layer should . '

have a coercive force H, larger than the magnitude. of sald o

| -exchange force (g, 12/2M h,<H,).
layers 52 54 close to the Cune pomt of the ﬁrst magneﬁc-:- .

-The second magnetic layer 53 receives, from a magneuc; -

wall at the interface- with the first- magnetic layer 52, an -

in a stable direction with respect to the magnetization of the

‘there . .are ._required conditions

Also

| t10n of the thlrd mag_net_l_c_; lay.er __dunng_ an_d_ aft.er the record-- N
ing operation, .
- 2M5h,)>(0,,15/2M;; h;) and (6,,,3/2M ,h,)>H,. e

| O,,53/2M,3h,  indicates - the magmtude of the -
| exchange force received by the third magnetic layer54, or =

| ﬁ_thlrd magnetic layer 34. Consequently, in order that the . _:_
--magneuZatlon of the second- magnetlc layer 1s constantly-- |

tion to orient the magnetization of the second magnetic layer : =~
1n a stable direction with respect to.the magnetization of the ... .~

first magnetic layer 52, and also receives, from a magnetic . ..
- wall at the interface with the third magnetic layer 54, an = . .
“exchange force of a magnitude G,;,5/2M,h, and of a-direc--- -~
tion to orient the magnetization of the second magneticlayer ~

represents the magnitude'of a magn"etic field acting’, 'across_}:._. e

against said magnetic field; or in order that the record bit 63f
in FIG. 33 can stably exist, the coercive force H., of the thlrd

2M,3ha)<H,.

 magnetic layer - should satlsfy a conchtmn (Gw23 =

From the foregoing explanatmn the interfacial magnehc o

of the thlrd ---magnctm layer in-a stable (OppDSlte Or anupar_ij

allel in the _present - case) dll'E:Cthl’l with respect to the
magnetization of the first magnetic layer 52. In order that the. .
agnetization of the third magnenc layer 54 is not. mvertedw---- |

. "wall energms should satisfy a condition 6,,,;>0,,;5, S0 that:i-~ -

- a) it is desirable to realize a weak coupling between the -
- first and second magnetic layers, by adopting a composition
‘Tich in rare earth element compared with the compensation . .-
- composition for one of said layers and-a composumn richin - .

' b) to realize a strong coupling between the second and -

third magnetw layers by adopting compositions both rich in .
the. rare-earth element: or compositions both rich in the SR
| _'tranmtlon metal. - | |

(Gw23/ e

- Also it is p0551ble to-reduce the exchange force from the

.....

| third magnetic layer to the second magnetic layer, by reduc- . ...
. ing the exchange force G,,; »/2M,h, from the first magnetic
layer-to the second magnetic layer, and the exchange force
. 0,232Mh, from the third -magnetic layer to the second .=+~
magnetic lay'er For'"this purpo'se'it' is' advant‘ageous to . Lo

. .'.'magnatlc layer namaly to Immmlze the coercwe force H |

60

- unit 8, generating a magnetic field of which intensity is

selected between the coercive forces of the first and third.
magnetic layers 52, 54 as explamed before, whereby the

- record bit 63c remains unchanged as a final record bit 63e,
- while the record bit 63d assumes another final record state

- 63fas the rcsult of magneuc mversmn of the th1rd
: layer L e T

65
lagnetlc »

In the rec:ordmg process af the present embommem the_;--fj;_-_;jji o

recordmg but are solely contmlled by the recordmg laser:f--;--- -
- power, so that an- overwriting -operation is possible. The"3'34:.;_::. L
‘record bits 63e, 63f can be reproduced by irradiation with a -
'repmducmg laser beam and by processmg Df the resultmg

i

:'thereof Therefore at least a condltmn H.>H, is desirable. :"""f:':ﬁff:'ﬁ':fé“ﬁ:
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EXAMPLE 31

A pregrooved and preformatted polycarbonate disk sub-
strate was set in a sputtering apparatus with four targets, and
was rotated at a distance of 10 cm from the targets.

>3
EXAMPLE 32

Samples of magnetooptical disk shown in Tab. 15 were
prepared in the same manner as in Example 31. The thick-
ness of the layers were maintained same as in the Example

5 : .
] o 31 for the purpose of comparison, but the compositions of
A ZnS protective layer of 800 A in thickness was formed e firgt, second and third magnetic layers were selected in
by sputtering, in argon gas, from a first targel, with a various combinations of compositions rich in the rare earth
sputtering speed of 100 A/min. and a sputtering pressure of element and those rich in the transition metal. The coercive
5%10~ Torr. forces of the first and third magnetic layers were respec-
Then a TbFe alloy was sputtered, in argon gas, from a 10 tively regulated to ca. 10 KOe and ca. 1 KOe through the
second target with a sputtering speed of 100 A/min. and a control of contents of Tb and Fe.
sputtering pressure of 5x10 Torr to obtain a first magnetic In Tab. 15, TM means a composition rich in the transition
layer of Tb, sFeg, of a thickness of 300 A and T,=ca. 140° metal compared with the compensation composition, and
C. H, of said first magnetic layer itself was ca. 10 KOe, and RE means a composition rich in the rare earth element.
TABLE 15
Cumpositiun. N
lst mag. 2nd mag. 3rd mag.
layer layer layer H, of 2nd Bit Record
Sample rich in rich in rich in mag. layer Stability state
EX. 31 ™ RE RE 200 Oe¢ -+ +
| 32-1 ™ RE RE 500 + +
32-2 ™ RE RE 1000 * o+
323 M RE RE 1500 — —~
32-4 RE ™ ™ 300 +- +
32-5 RE T™ ™ 700 + +
32-6 ™ ™ RE 500 + ~
32-7  TM T™ ™ 500 - -
32-8 RE RE ™ = 200 + -~
the transistion metal was prevailing in the sub-lattice mag- In the first magnetic layer, the TM-rich composition was
netization. Tb,sFeq,, while the RE-rich composition was Tb,oFEg,. In
Then a TbEeCo alloy was sputtered under similar condi- 55 e third magnetic layer, the TM-rich composition was
tions from a third target to obtain a second magnetic layer of %15513758010= while the RE-rich composition was
Tb,Fe.sCo,, with a thickness of 150 A and T,=ca. 210° C. 23067010 | _ _
H,, of said second magnetic layer itself was lower than ca. The stability of the record bit, particularly in the state 63,
200 Oe, and the rare earth element was prevailing in the was investigated on thus prepared samples, by measuring
sub-lattice magnetization. a0 the external magnetic field inducing the inversion of mag-
d under simil netization by a VSM. In the results shown in Tab. 135, *“+”
Subsequently a TbFeCo alloy was sputtered under similar indicates stable existence of the record bit in the state of 63f
conditions from a fourth farget to obtain a thgd magnetic in the absence of external field, while “~" indicates a partial
laye;' of Th,;Feq;Co0,, with a thickness of 300 A and T,=ca. inversion of the magnetization of the third magnetic layer.
210° C. Hy, of said third magnetic layer itsell was ca.  _ Also the recordings of first and second types were conducted
500-1500 Oe, and the rare earth element was prevailing in = ip the same method as in the Example 31, and the result was
the sub-lattice magnetization. | evaluated as “+” or “~ respectively if satisfactory repro-
Then a ZnS protective layer of 2000 A in thickness was duction signal was obtained or not.
formed by sputtering from the first target under similar The results on the Example 31 and the Example 32-1 to
conditions. | 50 32-5 listed in Tab. 15 indicate that satisfactory bit stability
After said layer formation, the above-mentioned substrate and satisfactory record state could be obtained, as explained
was adhered to a polycarbonate plate with hot-melt adhesive in the .foregmng, | by a combination of a TM-nch ﬁr_st
material to obtain a magnetooptical disk. Said disk was {nagnetlc l?yer ;:El:th_ ]E;Ef—inch seconfl ?nd thn'.dh rfﬁ%mjuﬁ
mounted on a record/reproducing apparatus, and was made ayers or ol an Kt-rich first magnetic ayer wit e
: . : 55 second and third magnetic layers, and when the coercive
to pass through, with a linear speed of ca. 7 m/sec., a unit for . .
. : : force H, of the second magnetic layer is smaller than the
generating a magnetic field of 2 KOe. The recording was . | : :
. coercive force H; of the third magnetic layer.
conducted with a laser bee of a wavelength of 830 nm, |
concentrated to ca. 1y and modulated in two levels of 4 and |
8 mW with a duty ratio of 50% and a frequency of 2 MHz. EXAMPLE 33
The bias field was _1 5_0 Oe._ Then binary signals could be Samples of magnetooptical disk shown in Tab. 16 were
reproduced by irradiation with a laser beam of 1 mW. prepared in the same manner as in the Example 31. The
The above-explained experiment was repeated with a thicknesses of the layers were maintained same as in the
magnetooptical disk already recorded over the entire sur- Example 31 for the purpose of comparison, but the compo-
face. The previously recorded signal components were not 65 sition of the second magnetic layer was varied in compart-

detected in the reproduction, and the possibility of overwrit-
ing was thus confirmed.

son with the Example 31. The coercive force thereof was
less than ca. 200 Oe, and the rare earth element was



33,

prevaﬂmg in the sub latttce magnetrzatrtn -as -in- the
Example 31 - S 8

The prepared samples were evaluated in the same manner
as'in the Example 32, | |

TABLElﬁ

- Bit .-

o | Reeerd
stahihty

- Composition of -

L Sample 2nd mag.- layer . Tz (“C)

140
160
180

- f' 200

TbidFeT'ﬁ A
- TbysGdyoFess 0
. Tb13Gd12Fﬂ73C02 C

'33 1
332

33-3
33 4 :--Tblnglg_Fﬁ?ICQ‘f N :
. 33.5 Dy,Fe.e 7 70

© 33.6 ThsGdyoFe,oCos 250
33-7  ThsGdyFeesCoyo - 300

[+ + + + + + +
| M ]

~ (Example 33-5).

Also the ‘recording - of secend ‘type could not be made-'. -

 satisfactorily when T, is hlgher than T3 (Examples 33-6,

Quadruple Layered Structure

Furthermore the magneteepheal recerdmg medium of the

~ present invention may be provided with four magnetrci___j?’o:

layers, as will be explained in the following.

recording medium of the_ present | inventien,. The 'me.dium o
~shown in FIG. 35 is composed of a pregrooved translucent

15 .
e e P PR __”‘_;'__'_j.;athleknessh of 50—30043\ andthefeurth magnetic layer75. -
- The results of the samples listed in Tab. 16 indicate that_;;
‘a satisfactory recording could be obtained when the curie -
point T, of the second magnetic layer is located betweenT - S
‘and T, (Examples 33-1 to'33-4), the reeordmg of first type :_substance exhibiting a. vertical magnetic anisotropy and a ... ..

could not be. sattsfaetenly made 1f T, was lower- than T
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— o o
| Itis generally desrrable that the ﬁrst magnetlc layer 72 has -

' | .T of 150°-400° C., H, of 0.1-1 KOe, a thickness h, of - -
- 0-300 A; the seeend magnetre layer 73 has T, of 70"’—200“*

- 'C., H, of 2-12 KOe, a thickness h, of 50-300 A; the third
“magnetic layer 74 has T5 of 0°-200 C., H; of 0.1-1 KQe,

20

- :1nvent10n neighbering magnetic layers are coupled with an -
~ exchange force. The: first and second magnetic layers are - =
~relatively strengly couple, while the second and third mag- o

o2 '
ZMslhl . :"__:H.] -

ffwlz

- Ow23
2M szhz

wa_hz’ B

H

. Owl4

GwZ?r .
2M ah3. .

2M53h3

Gw34

. H 2M54h4

-

has T, of 100“'—-300‘” C., H4 of C. 5~4 KOe and a thtckness-:;_;'_é.l_ -

"'ih of 50—-600 A

Each magnetic . 1ayer can be prmerpally eompesed of a "

- magnetooptical effect, preferably an amorphous alloy of a = =~
- rare- earth-element-and a transition metal element, such .~ -
] GdCe GdFe TbFe DyFe GdTbFe TbDyFe GdTbFeCe

In thﬁ mﬂgﬂetouptrca] recording medlum ef the Present

.. netic layers relatively weakly coupled, and the third and . - o

35

substrate -71, and, a first magnetic layer 72, a second .-

B magnetic layer 73, a third magnetic layer 74 and a fourth '
'_energy ef eaeh layer are S0 regulated te sattsfy the afore--

- magnetic layer 75 laminated thereon. Said first, second, third

~and fourth magnetic layers respectively have Curie points =
40

| 'f.:i:.and 70f in FIG. 37 : e |
- In-another embedtment of the magneteoptlcal recerdmga o

T,, T,, T, and T,; coercive forces H,, H,, H; and H,;

tthkﬂeSSﬂB h,, h,, h; and h,; and saturation magnetlzatuns
MS].! Ms-z: M;g aﬂd Ms‘4 Also the magnettc wall energles-: "

‘between the first and second magnetic layers, between the

- second and third magnetic layers, and between the third and.
fourth magnetre layers are respectively represented by 6,5,

0,3 and 0, 5,. The abeve-mentlened four magnetic layers
satisfy following eondttmns I-—IV through mutual exehange-
'couphngs |

I Fer the Cune pelnts of the magnetrc layers o

IL. For the coercive forces of the magnetic layers: .

| H@:-Ielsr-»lﬁi[l H3 —

]II Fer the thlcknesses of the magnetle layers .

 hph,Z250A

hﬁhﬁhé—;—h&gﬁgo A

V. For the saturatton magnettzatmns thlcknesses COer-
- cive ferces and magnetlc wall energres of the magnette

layers

S _pner to- the reeerdmg, ameng four ma.gnetrc layers the._ o
| utually neighboring layers may beina = .. =
.55

‘I
- _a relatively strong coupling while mutually antiparailel =~
magnetizations provide a relatively weak coupling, the mag-
“netooptical recording. medium of the- present- invention.
. should preferably have such state of magnetization that the
‘magnetizations of the first and:second magnetic layers are in
-a mutually parallel stable state while those of the second and
feurth magnettc layers are in a mutually antiparallel stablef.-' -
- The recerdmg and reproducing operation on the medium
o ef the present embod1ment can also be condueted with the';

60

) (1’3);

“fourth magnetic layers are relatively weakly coupled. Alarge - -
S - magnetic wall energy is present between-the strongly
FIGS. 35 and 36 are schematic cross- sectmna] views of coupled layers, while a weak magnetic wall energy is .

-quadraple-layered embodiments - of the magnetooptical present between the weakly coupled layers. The value of the._' o
magnettc wall energy o, is optimized in regulating M., h H-_

-and o,, for satisfying the aforementioned relations IV

I the four magneic layers 72, 73, 74, 75 the thlckness;t -

.menttened relatmns and such regulatren wrll stabthze the;-' |

‘medium- shown- in FIG. 36, protective layers 76, 77 are.
prowded for improving the durability of the four magnetic®
45 layers 72, 73, 74 75 or.enhancing the magnetooptical effect ...~

o thereef

~ An adhesive layer 78 is provided for adhering a cevermg?-
: SUbStrate 79. Recording and reproduction can be made from -

_covenng substrate 79." S T
Now referenee 18 made te FIGS 37 and 38 fer expla.tmn g_- w it e

magnetizations. of

~ both sides if the layers of 72 o 77 are fermed alse on sard ; o
- | SN

mutually parallet- stable. state, or in a muwally opposite . - '

R (antlparallel) stable state.

- However, since mutually parallel magnetizations provide .~
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apparatus shown in FIG. 6. It i1s assumed that a part of said
medium has an initial magnetization as shown by 70a in
FIG. 37, and that the magnetizations of the third and fourth
magnetic layers are in a mutually parallel stable state. As
shown in FIG. 6, the magnetooptical disk 9, being rotated by
a spindle motor, passes the position of a magnetic field
generating unit 8, generating an upward magnetic field of
which intensity 1s selected at a suitable level between the
coercive forces of the second and fourth magnetic layers 73,
75, whereby, as shown by 700 in FIG. 37, the fourth
magnetic layer 75 i1s uniformly magnetized, and the third
magnetic layer 74, strongly coupled with the fourth layer 73,
is also magnetized in the same direction. On the other hand,
the second magnetic layer 73 retains the initial magnetiza-
tion, and the first magnetic layer 72, strongly coupled with
the second magnetic layer 73, also retains the initial mag-
netization.

The rotated magnetooptical disk 9, in passing the position
of a record/reproducing head 5, is irradiated by a laser beam
with one of two power levels according to the signal from a
recording signal generator 6. The first laser power is enough
for heating the disk to a temperature close to the Cunie point
of the second magnetic layer 73, while the second laser
power 18 enough for heating the disk to a temperature close
to the Curie point of the fourth magnetic layér 75. Referring
to FIG. 38 showing the temperature dependence of the
magnetic layers 73, 75, the first laser power can heat the disk
close to T,, while the second laser power can heat the disk
close to T,.

The first Iaser power heats the second and fourth magnetic
layers 73, 75 close to the Curie point of the second magnetic
layer, but the fourth magnetic layer 75 has a coercive force
capable of stably maintaining the bit at this temperature.
Thus, through a suitable selection of the recording bias
magnetic field, the magnetizations of the magnetic layers are
oriented 1n stable directions with respect to the magnetiza-
tion of the fourth magnetic layer in the course of temperature
lowering of the record bit area.

In this manner a record bit shown by 70c¢ in FIG. 37 can
be formed, as a preliminary recording of first type, from
cither state of magnetization shown by 70b.

The suitable selection of the bias magnetic field has the
following meaning. In said preliminary recording of first
type, such bias magnetic field is essentially unnecessary,
since the magnetizations of the first, second and third
magnetic layers receive forces (exchange forces) to orient
the magnetizations thereof in respective stable directions
with respect to0 the magnetization of the fourth magnetic
layer 75. However said bias magnetic field is provided, in a
preliminary recording utilizing the second laser power to be
explained later, in a direction to assist the magnetic inversion
of the fourth magnetic layer 73. Also said bias magnetic field
should preferably have a same magnitude and a same
direction in both preliminary recordings with the first and
second laser power. In consideration of such conditions, the
bias magnetic field is preferably selected at a minimum
necessary intensity required for the preliminary recording
with the second laser power to be explained later, and such
selection corresponds to the above-mentioned suitable selec-
tion. |

When the disk is heated close to the Curie point of the
fourth magnetic layer 78 by a second laser power (prelimi-
nary recording of second type), the magnetization of said
fourth magnetic layer 73 is inverted by the above-mentioned
bias magnetic field. Also the magnetizations of the first,

second and third magnetic layers are oriented in stable.

directions with respect to the magnetization of the fourth
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layer 75. Thus a record bit shown by 70d in FIG. 37 can be

formed from either state of magnetization shown in 70b.

Thus each area of the magnetooptical disk can have a
preliminary record bit 70c or 70d, shown in FIG. 37, by the
bias field and by the first or second laser power correspond-
ing to the input signal. | |

Then the magnetooptical disk 9 1s further rotated, so that
the preliminary record bit 70c or 70d passes again through
the magnetic field generating unit 8, of which field intensity
is selected, as explained before, between the coercive forces
of the magnetic layers 73, 75. Thus the record bit 70c
remains unchanged and assumes a final record state 70e. On
the other hand, the record bit 70d causes the inversion of
magnetizations of the third and fourth magnetic layers 74, 75
to assume another final record state 70f.

The aforementioned relations (18) to (22) are required in
order that the record bit 70f can stably exist.

The relations (20) and (22) are required in order that the
second and fourth magnetic layers assume an unstable state.

The relation (19) 1s required to cause a strong coupling
between the first and second magnetic layers, and to con-
stantly orient the magnetization of the first magnetic layer in
a stable direction with respect to the magnetization of the
second magnetic layer.

The relation (21) 1s required in order to constantly stabi-
lize the magnetization of the third layer with respect to the
magnetization of either the fourth or the second magnetic
layer.

Also the relation (18) 1s required 1n order to optimize the
recording sensitivity and the C/N ratio in reproduction, as
will be clarified in the following examples. '

The record bit states 70e, 70f do not depend on the states
prior to recording but are solely determined by the recording
laser power, so that the over-writing operation is rendered
possible. The record bits 70e, 70f can be reproduced by
irradiating the disk with a reproducing laser beam and
processing the resulting light with the recording signal
reproducer 7.

The intensity or modulation of the reproduced signal
principally depends on the magnetooptical effect of the first
and second magnetic layers as explained before. The present
embodiment enables recording with strong reproduction
signal, since a material of a high Curie point, namely of a
large magnetooptical effect, can be used for the first mag-
netic layer which receives the reproducing beam.

EXAMPLE 34

A pregrooved and preformatted polycarbonate disk sub-
strate was set in a sputtering apparatus, with ternary targets,

and was rotated at a distance of 10 cm from the targets.

A ZnS protective layer of 900 A in thickness was formed
by sputtering, in argon gas, from a first target with a
sputtering speed of 100 A/min. and a sputtering pressure of
5%107 Torr.

Then a GAFECoTi alloy was sputtered, in argon gas, from

“a second target with a sputtering speed of 100 A/min. and a

sputtering pressure of 5107 Torr to obtain a first magnetic
layer of Gd,gFessCo,,Ti; with a thickness of 200 A and
T,=ca. 350° C. H, of said first magnetic layer itself was
lower than ca. 300 Oe, and the transition metal was prevail-
ing in the sub-lattice magnetization.

Then a TbFe alloy was sputtered from a third target under
similar conditions to obtain a second magnetic layer of

Tb, ;Feg, with a thickness of 150 A and T,=ca. 140° C. H,

of said second magnetic layer itself was 10 KOe, and the



.......

o transnmn metal was. prevaﬂmg in the sub- lattlce: magneti- |
- zation. | | | |

Theu a GdTbFe alloy was- sputtered from a fourth target

'under similar conditions to obtain a third magnetic layer of
Gd,, Tb,,Fe,¢ with a thickness of 100 A and T,=ca. 160° C.

H, of said third magnetic layer was 100-300 Oe, and the rare'_";_ .
N earth elemeut was prevaﬂmg in the sub- lattwe magnet1za—~ |

tion,

Then a TbFeCo alluy was sputtered from a ﬁfth target -

- under similar conditions to form a fourth magnetic layer of 8.

Tb,,Fe,,Cos with a thickness of 200 A and T,=ca. 210° C.
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:- hy+h, of the ﬁrst and second magnetic layers exceeds 250 A |

~ only when the total thickness of the first to fourth magnetlc:_é_."f B

- H, of said fourth magnetic layer itself was 500—1500 Qe,

~ and the rare earth element was prevailing in the sub-lattice

magnetlzatmn

the same conditions as before.

After said layer formations, the above-mentmned sub-

_strate was adhered to a polycarbunate plate with hot-melt 2{,

adhesive material to obtain a magnetooptical disk.

~Said disk was mounted on a record/reproducing appara-
- tus, and was made to pass through a unit generating a
- magnetic field of 2 KOe, with a linear speed of ca. 7 m/sec.

- Recording was conducted with a laser beam of a wavelength

' 15
- - Subsequently a ZnS pmtectwe layer of 2000 A in thn:k— e
- ness was formed by sputtenng frum the first 1/2 target under

- '_'layer 18 suﬁmently large.

* Also the results on the samples 35-10 to 35 16 indicate -

that the Kerr rotation angle 6k shows saturation, if the total
thickness h,+h,’ of. the first and.second magnetic layers =
- exceeds 250 A, when the total thickness of the first to fourth. .
o _magnetlc layers 18 equal to or larger than 600 A. o

~Therefore, in order, to obtain a high C/N ratio at thc.fﬁ: .

Other Recurdmg Processes Than Overwnung -

'In the foregmng embodlments

---repmductlon it is preferable to select the layer thlcknesses;éf?---f-_
 in such a manner as to satisfy conditions h +h =250 A and =
..h1+h2-|-h3+h4?-600 A '

‘the magnetoeptlcal gﬁ. .
'recordmg medium of the preseat invention has been: .

 explained in relation to an overwriting process, but said ..

of 830 nm, focused to ca. 1 ym and modulated in two levels
of 4 and 8 mW, with a duty ratio of 50% and a frequency of -

2 MHz. The bias field was 150 Oe. Binary signals could then o

be repruduced by irradiation with a laser beam of 1 mW,.

- conﬁrmed in thls MAaNNer.

EXAMPLE 35

Samples uf magnetﬂoptlcal d1sk was prepared w1th thej'_"_-; -

The above-explained experiment was repeated with ‘a 30 -

| mﬂgDﬂtOUPHCEﬂ._ disk. alre.ady IeCﬂfdﬁd over the entl.re__ sur-: . .. FIG. 39 wherein lt 1S assumed that the magne[lzatlons ofthe .-

face. The previously recorded signals were not detected in . magnetic layers 2, 3 are stable when they are onented in aj

- the reproduction, and the POSS1b111ty of uverwntlng was same. dlrectlon (Pafﬁlle])

- 35 LIpwards as shuwn by Sﬂa in FIG 39 An area to be recurdedésé
.- 1is locally heated, by a laser beam of a recording power. from

~.the record/repmducmg head 5, to a temperature close to the. . .
~ Curie point of the secorid. magnetic layer 3. Simultaneously -

‘same materials and .structure as in the Example 34, with -

varying thicknesses in the first to fourth magnetic layers.

40

- Results of measurements of reflectance and Kerr rotation

angle are shown in Tab. 17. The reflectance was generally in
- arange of 23-24%, including the reflection of ca. 4% from
- the surface of the substrate. Also a larger Kerr rotation angle -

will provide a larger C/N ratio of the reproduction signal.

45

35 16

The results on the samples 35- l to 35~9 mdlcate that the
Kerr rotation angle 6k shows saturation close to a value for
a sufficiently thick first magnetic layer, if the total __tlnckne_s.s |

100"

100 <

.30{)__.

1000

083 The ‘magnetooptical disk is rotated by a spindle motor, and - -

| 30
070 -

(1) Case of stable. state in unrecorded area:

~ Recording is conducted on a magnetuuptlcal recording -~

‘medium can also be employed in the conventional recording
-process consisting of recording, erasure and re-recording. In R
such process there can be considered a case-in which the -~ ...
- magnetizations of two magnetic layers are in a mutally - .-
~ stable state in the recorded area, and another case in which-
said magnetizations. are in a mutually stable ‘state 1n the . . 7
unrecorded _area. . These two cases wﬂl be separately e
. explamed in the fullowmg

medium of a structure as shown in FIG. 3, with an apparatus. -+~

there is applied a bias magnetw field (downward in FIG.-39) ' '

“as .shown in FIG. 6. The recording process is illustrated in o

of a magnitude which is necessary, or, preferably minimum
necessary as will be explained later, for inverting the mag-

- -netization of the second ‘magnetic layer 3. Thus, following -

- the magnetic inversion of the second magnetic layer 3, the
_magnetization of the first magnetic layer 2 is also oriented in -+~
- a stable direction (same direction in the present case) with - . ..

- respect to the magnetization of the second magnetic layer 3. R

55

TABLE 17
| hl W2 h3 "hl+h2  hl+h2+ 6k
Sample (A) * (A) (A) | (A) (A h3+hd4 (A)  (®)
35-1 50 100 100 700 - 150 - - 950
352 100 100 100 700 200 1000 0 076
353 150, 100 100 700 250 1050 . 083
354 200 100 100 700 300 1100 - - 0.83
35-5 100 50 100 700" 150 950 072
356 100 100 100 700 200 1000 076
357100 150 100 . 7000 250 . 1050 0.79
35-8 100 200 © 100 700 - 300 1100 . 079
359 100 300 100 700 400 - 1200 079
3510 200 100 50 100 300 450 060 -
35-11° 200 100 100 100 300 500. . 074
03512200 100 0 100 . 200 300 600 . 083
3513 200 100 100 300 300 700 0.83
35-14 200 100 - 100 400 - 300 800 . 0.83
35-15..200 100 100 - 500 - 300 - 500
200 600

083

In this manner a record bit 80b shown in FIG. 39 is formed. L

Upon rotation -of the. magnetooptlcal disk 9, said bit 806 -

. passes through the position of the magnetlc field generating - -

unit* 8, of which field intensity is selected between the .
coercive forces H_;_’,'and' H,, of the two magnetic layers and - =~

~ of which field is oriented in a direction to invert the :
magnetization of the second magnetic layer in the bit 80bin -

FIG. 39, whereby the second magnetic layer 3 is magnetized .

- along the direction of the field from said unit 8 as shownby =~
~80c, while the first magnetic layer 2 retains the magnetiza- . -
‘tion state 80b. In this manner the magnetizations of the two . -
- magnetic layers are in a mutually opposite or antiparallel - - -

o0 state, and such state is utilized as the final record.

“The record bit 80c can be erased in the following ruannef.3=- .

. the record bit, in passing the record/reproducing head 5, 1s -
- irradiated with a laser beam of an erasing power, whereby -
65

the irradiated area is heated close to the Curie point of the . -
- first magnetm layer 2. Since the second magnetic layer3 has - - -

) _' a coercive force enough for retammg the bit in stable manner -
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at such temperature, the record bit is erased as shown by 80d
in FIG. 39 through a suitable selection of the bias magneti
field. |

The suitable selection of the bias field has the following
meaning.

In this erasing process, the bias field is essentially unnec-

essary because the first magnetic layer 2 receives an

exchange force to orient 1ts magnetization in a stable direc- .

tion (same direction in this case) with respect to the mag-
netization of the second magnetic layer 3. However, as
explained before, the bias field 1s provided, for the recording
process, in a direction to assist the magnetic inversion of the
second magnetic layer 3. It is convenient if said bias field
selected for the recording process can be maintained also in
the erasing process with same magnitude and direction.
Based on such consideration, the suitable selection of the
bias field is achieved by selecting an intensity and a direction
enabling the recording process and not hindering the erasing
process, preferably an intensity and a direction which are
minimum necessary for the recording process, and such bias
field is then maintained also in the erasing process.

However it is also possible to remove the bias field at the
erasing, since it is essenfially unnecessary as explained
before. Also it is not necessary to maintain the bias field in
the same direction and magnitude in the recording and
erasing processes, if the record/reproducing head is capable

of varying the bias field according to the recording and -

10

15

20

25

reproducing operations. Since the recording and erasing

operations basically require mutually opposite bias fields,
and such variation of the bias field enables recording are
erasure at a higher speed.

Though FIG. 39 shows the principle of recording and
erasure in case the magnetizations of the first and second
magnetic layers are stable when they are oriented 1n a same
direction, a substantially same principle is applicable also if
said magnetizations are stable when they are oriented in
mutually opposite or antiparallel directions. Such principle
18 illustrated in FIG. 41, wherein the states of magnetization
81a-81d respectively correspond to 80a-80d shown in
FIG. 39,

EXAMPLE 36

A pregrooved and preformatted po]ycarbonate disk sub-

30

35

40

45

strate was set in a sputtering apparatus with ternary targets,

and was rotated at a distance of 10 cm from the targets.

A ZnS protective layer of 1000 A in thickness was formed
by sputtering, in argon gas, from a first target with a
sputtering speed of 100 A and a sputtering pressure of
5%10™ Torr. Then a TbFe alloy was sputtered, in argon gas,
from a second target with a sputtering speed of 100 A and
a sputtering pressure of 510~ Torr to obtain a first mag-
netic layer of Tb,Feg, With a thickness of 500 A, T,=ca.
140° C. and H,~=ca. 10 KQe.

Then a TbFeCo alloy was sputtered, in argon gas, with a
sputtering pressure 5x107> Torr to obtain a second magnetic
layer of Tb,,Fe,;Co, with a thickness of 500 A, T,=ca. 180°
C. and H,=ca. 1 KOe. -

Subsequently a ZnS protective layer of 3000 A in thick-
ness was formed by sputtering, in argon gas, from the first
target with a sputtering speed of 100 A/min. and a sputtering
pressure of 5x10~° Torr.

After said layer formations, the above-mentioned sub-
strate was adhered to a polycarbonate plate with hot-melt
adhesive material to obtain a magnetooptical disk.
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Said disk was mounted on a record/reproducing appara-
tus, and was made to pass through a magnetic field gener-
ating unit of a field intensity of 2.5 KOe, with a linear speed
of ca. 15 m/sec., and the recording and erasing were con-

“ducted with a laser beam of a wavelength of 830 nm, focused
- to ca. 1 um. The recording was conducted with a laser beam
~of 5 mW, modulated with a duty ratio of 50% and a

frequency of 4 MHz.

The bias field was ca. 150 Oe, 1n a direction to invert the
magnetization of the second magnetic layer. Intensity and
direction’ of the bias field were maintained same, both at

recording and at erasing.

The erasure was conducted by irradiation with a continu-
ous laser beam of various powers.

The reproduction was then conducted by irradiation with
a laser beam of 1| mW. When the erasing laser power was
equal to or larger than 5 mW, the remaining unerased signal
was less than 10 dB at the reproduction and was saturated as
shown in FIG. 40, and this level corresponds to an almost
complete erasure. |

REFERENCE EXAMPLES 1, 2

A sample of Reference Example 1 was prepared in the
same manner and structure as in the Example 36, except that
a ZnS intermediate layer of 100 A was formed between the
first and second magnetic layers, which, in this case were
magnetostatically coupled.

Also a sample of Reference Example 2 was prepared b
forming the first magnetic layer in a thickness of 1000 K
only, instead of forming the first and second magnetic layers,
in a similar process as in the Example 36.

These samples were tested in recording and erasing in the
same manner as in the Example 36. As shown in FIG. 40, the
erasure required a power of ca. 7 mW.

It was confirmed that, in the Example 36 and in the
Reference Examples 1 and 2, a signal with a C/N ratio of
45-50 dB could be recorded with a laser power of 5 mW.

(ii) Case of stable state in recorded area:

Recording 1s conducted on a magnetooptical recording
medium of a structure as shown in FIG. 3, with an apparatus
as shown in FIG. 6. The recording process is illustrated in
FI1G. 42, wherein it is assumed that the magnetizations of the
magnetic layers 2, 3 are stable when they are oriented in a

same (parallel) direction.

At first the magnetizations of the disk 9 are oriented as
shown by 824 in FIG. 42. An area to be recorded is locally
heated, by a laser beam of a recording power from the
record/reproducing head S, to a temperature close to the
Curie point of the second magnetic layer 3. Simultaneously
there 1s applied a bias magnetic field (upward in FIG. 42) of
a magnitude which is necessary, or, preferably minimum
necessary as will be explained later, for inverting the mag-
netization of the second magnetic layer 3. Thus, following
the magnetic inversion of the second magnetic layer 3, the
magnetization of the first magnetic layer 2 is also oriented in
a stable direction (same direction in the present case) with
respect to the magnetization of the second magnetic layer 3.
In this manner there is formed a record bit as shown by 82b
in FIG. 42. The bias field in this state is however not
necessary, since, in this medium, the magnetizations are
stable when they are oriented in a same direction.

Said bit can be erased by passing the disk 9 again under
the record/reproducing head 5. Said area is locally heated,
by a laser beam of an erasing power, close to the Curie point




the magnetization of the second magnetic layer 3.

which field is oriented in a direction to invert-the magneti-

~ “zation of the second magnetic Idyer 3 iti the bit 834, whereby-
- the second magnetic layer 3 is magnetized according to the

~ direction of the magnetic field from the unit 8, while the first

- magnetic layer 2 retains the magnetization of the state 82c.
~ In this manner the magnetic layers show mutually opposite

magnetizations, thus returning to the state 82a. The erasure 20 :

1S achleved in this manner.

Though FIG. 42 shows the principle of reccrdmg and_'_
- erasure in case the magnetizations of the first and second. -
_magnetrc layers 2, 3 are stable when they are enented ina

also if said magnﬂtlmtlﬂns are stable when they.are crlentedf S
in mutually opposite or antiparallel directions. Such prin-

tron of the second magnetrc layer 3 Thus follcwmg the
magnetic inversion of the second magnetic layer 3, the
magnetizatmn of the first magnetic layer 2 isorientedina -

“stable direction (same direction in this case) with respect 0 _f.‘ff et o R e
' Fcr achlevmg a recording with a hlgher Speed than in the__;----=--'-

' -'_Example 37, a bias magnetic field of 150 Oe was.applied in- S
a direction, in which the magnetization of the first magnetic.. .

~ of the second magnetic layer 3. Simultancously there is
- ‘applied a bias magnetic field (downward in FIG. 42) ofa
' magmtude Whmh IS HBCGSSﬁI}’-_. preferably mlmmum neces-— :

 Then the disk 9 is further rotated whereby the arca 82¢ 10

* passes through the: position of the magnetic field generating .-
- unit 8, of which field intensity is selected at a value between

the coercive forces H,, H,, of the magnetic layers and of e
| L H a5 e - - erasing, because the d1rect10r.t of bias field at recording is':

15 Opposite.to that at. erasmg The. necessary

of ca. 150, O'in a direction te invert the magnetlzatlon of the

seccnd magnetic layer.

Reprcductwn was conducted with a laser beam of 1 mW

EXAMPLE 38

: -layer was oriented at the recording. In the present examplef"’f'_'fi R
~ the: d1rectren of the magnetic field was inverted at the .

- fwas ca.. 26mW

EXAMPLE 39

Recerdmg was: conducted w1th a bras magnetlc ﬁeld £y o
whrch was maintained-constant in direction and in intensity, -~ .

recerdmg power. . ..

:: "..'-It was found that the reccrdmg was possible wrth a-power of .“ L
€A, 3 m-W as shewn in FIG 44. |

- both for the recording and erasing. The magnitude of the bias -~

ciple is illustrated in FIG. 43, wherein the states of magne-

tization 83a—~83d respectwely cerrespcnd 10 82a«82d 1r1-- =
] 'FIG 42

30

REFERENCE EXAMPLES 3; 4 o

~ said layers were magnetostatically coupled. -

EXAMPLE 37

strate was set in a sputtering apparatus with ternary targets,

‘and-was rotated at a“distance of 10 cm from the targets.

- AZnS protective layer of 1000 A in thickness was fermed S
by sputtenng, in argon gas, from a first target with a
| sputtermg speed of 100 A/min. and'a sputtermg pressrue of -
40 .
* from a second target with a sputtenng speed of 100 A/min.
~and a sputtering pressure of 5%107> Torr to obtain a first
 magnetic layer of Tb; Fey, with a thickness of 300 A
~ T,=ca. 140° C. and H,=ca. 10 KOe.

5x107 Torr. Then a TbFe alloy was sputtered, in argon gas,

Then a TbFeCo alloy was sputtered, in argen gas, wrth a

TH—ca 200° C. and H,=ca. 1 KOe..
Subsequently aZnS protectwe layer of 3000 A in thick-

pressure of 5x10~° Torr.

material to obtain a magnetooptical disk.

" ness was formed by sputtering, in argon gas, from the first
target with a sputtermg speed of 100 A/min. and a sputtenng :

35 :'secend Jayers. - T
- Recording and eerasing were conducted on  these samples ..
~ in the same manner-as explained before. The power requ1red??.-._. R

- _fcr recording was ca.4 mW as shown in FIG. 44.

Erasure was preved with a laser power of 6 mW on thel B
: sarnples cf the Example 37 and: the Reference: Examples 3 -

- sputtering -pressure ‘of 5%10~> Torr to -obtain-a second
agnetic layer of Tb23Feﬁ3Ce1 4 With a thickness of 500 A,

- was adhered to a polycarbonate plate with hot-melt adhesive 55 |

Sa1d dlsk was. meunted on a reccrd/reprcducmg appara-

The recerdmg was conducted w1th the laser beam mcdu-

'- lated with a duty ratio of 50% and a frequency of 4 MHz, and
| "wrth various powers. The bias ﬁeld was not used.

The erasure was conducted by irradiation of a continuous.

_' 1_5, m/sec ; a_magnetlc ﬁeld generatmg unit ef a ﬁeld 1ntens1ty-_' o
~ of 2.5 KOe, and the recording and erasing were.conducted _
| w1th a laser beam of a. wavelength of 830 nm focused te ca...

65

reprcducmg head. -

 Also a sample of the Reference Example 4 was prepared .

. was formed

A Pregroeved and preformatted polycarbonate disk sub- 1 the same manner, but by forming the first magnetic layer

in a thickness of 800 A, instead of formmg the first . and__':fi:__':'f"“

EXAMPLE’-40:. -

......

More specifically, the erasing was achieved by another -~ ..
_magnetrc field generatlng unit, whlch was pesmoned |
. between the recording head 5 and the magnetic. field gen- .. ..
~ Afiersaid layer formations, the abcvementlaned suhstrate. |

no longer necessary toe

@ o .' ':-; Imprcvement cf the Apparatus
| FIG 45 isa schematlc view of another embcdlment of thej T | .
o magnet{)()pttcal recording apparatus of the present invention, -

- . wherein same components as those inFIG. 8 are represented-
by same numbers and will not be explained further. In the =

- erating. unit 8 and which 1s capable of generating a magnetic. ... -
field of a direction opposite to that of the field generated by -~
- said unit-8 and of a magnitude enough for inveriing the < - -

magnetization of the first magnetic layer. In this mannerit1s .. ...
ect the. erasure with the reccrd/. T T

present embcdunent ‘the - first- magnetic field generatmg_.ﬁ

} laser beam of 6 mW, in the presence of a bras magnetrc ﬁeld

-means 24 1S replaced by a leadmg field of a drwmg magnet;'-f'jj__]: e

field enabhng erasure and not hmdermg recording was ca. .. :_f_'.::f"?;
:__200 Oe " i

A sample of the Reference Exarrmle 3 was prepared in the_ IR
same manner as in the Example 39, except that a- ZnS
intermediate layer of a thickness of 100 o
‘between the first and second magnetic layers. In thlS sample; g

Recordlng was ccnducted 11’1 the same manner as 111 the
. 'f":EXElITlple 37 : _ e

Erasing was ccnducted Wlth the following method, Whlch--.@f
18 suitable for the erasure of the entire surface of the diskor ~=. .~

__ 5:'0ﬁ : :the erasure of plural -tracks. wrtheut excessive precision. - . .. n
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of an actuator 84 for moving the objective lens 19 of the
optical head 14. Also the second magnetic field generating
means 25 1s positioned at the same side as the optical head
14, with respect to the disk 11. It 1s therefore rendered
possible to reduce the number of component parts and to
compactize the apparatus.

FIG. 46 is a partially cut-off plan view showing still
another embodiment, in which same components as those in
FIG. 45 are represented by same numbers and will not be
explained further. In this embodiment the second magnetic
field generating means 85 is mounted on the optical head 14,
thereby achieving further compactization of the apparatus.

The present invention is not limited to the foregoing
embodiments, but is subject to various modifications within
the scope and spirit of the appended claims.

What 1s claimed is: |

1. A method for producing a magnetooptical recording
medium, said method comprising the steps of:

(2) arranging a transparent substrate 1n a vacuum appa-

ratus; |

(b) forming a first magnetic layer by deposition on the
transparent substrate arranged in the vacuum apparatus;

(c) leaving the first magnetic layer formed in the step (b)
for five minutes or more under a condition in which a
pressure of residual gas or inert gas in the apparatus is
7x10~7 Torr, or more; and

(d) forming by deposition, on the first magnetic layer, a
second magnetic layer having a lower coercive force at
room temperature and a higher Curie point than the
coercive force at room temperature and the Curie point

of the first magnetic layer.
2. A method according to claim 1, wherein said 1nert gas

consists of one selected {from the group consisting of Ar, He
and Ne., |

3. A method for producing a magnetooptical recording
medium having first and second magnetic layers, said
method comprising the steps of:

(a) arranging a transparent substrate in a vacuum appa-
ratus;

(b) forming a first magnetic layer by deposition on the
transparent substrate arranged in the vacuum apparatus,

(c) supplying gas into the vacuum apparatus; and

(d) forming a second magnetic layer, by deposition, on the
first magnetic layer, the second magnetic layer having
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a lower coercive force at room temperature and a
higher Curie point than the coercive force at room
temperature and the Curie point of the first magnetic
layer,

wherein, in step (c), the gas supplied into the vacuum
apparatus consists of an element which reacts on a
constituent element of the first or second magnetic
layer, or which can be adsorbed to the consfituent
clement of the first or second magnetic layer.

4. A method according to claim 3, wherein said gas
consists of one of the group consisting of H,0O, O,, H,, N,
H,S, CS, and CH,.

5. A-method according to claim 3, wherein a partial
pressure of the supplied gas in the apparatus is 2x107° Torr.
OT Imore. _

6. A method for producing a magnetooptical recording

medium having first and second magnetic layers, said
method comprising the steps of:

(a) arranging a transparent substrate in a vacuum appa-
ratus;

(b) forming a first magnetic layer by deposition on the
transparent substrate arranged in the vacuum apparatus;

(c) effecting a plasma discharge toward the first magnetic
layer; and

(d) forming a second magnetic layer, by deposition, on the
first magnetic layer, the second magnetic layer having
a lower coercive force at room temperature and a
higher Curie point than the coercive force at room
temperature and the Curie point of the first magnetic
layer, o |

wherein, in step (c), the plasma discharge 1s effected 1n an
atmosphere of inert gas or gas consisting of an element
that reacts on a constituent element of the first or
second magnetic layer, or which can be adsorbed to a
constituent element of the first or second magnetic
layer. | :

7. A method according to claim 6, wherein said reactive
or adsorbent gas consists of one selected from the group

consisting of H,O, O,, H,, N,, H,S, CS, and CH,.
8. A method according to claim 6, wherein said inert gas
consists of one selected from the group consisting of Ar, He

and Ne.
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